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We gambled on the future 


and the auto industry cashed in 


@ Here, at Muehlhausen Spring Division of 
Standard Steel Spring Co., precision-rolled 
U-S°'S Caritioy Spring Rounds are coiled 
without centerless grinding. CARILLOY Rounds 
have minimum decarburization, and they cost 


less to use 


@ At the Gary Works of United States Steel, 
this precision mill rolls CartLLoy Coil Spring 
Rounds with extreme accuracy. Tolerances are 
half of standard: .004"° on the diameter, in- 
stead of the usual .008", and only .006" out 
of round, compared to .012’ on ordinary rolled 


bars 
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|‘ the early days of the develop- 
ment of coil springs for front sus- 
pensions of automobiles, the only 
steel that was available was an ordi- 
nary hot-rolled bar from which as 
much as .035” of metal per side had 
to be removed by yrinding to insure 
freedom from harmful seams, pits, 
and decarburization. This cost 
money, was wasteful and time con- 
suming. 

We at United States Steel felt 
there was a better way of doing this, 
so we put our best engineers on the 
problem. 

Using a mill especially equipped 
for the purpose, they devised an in- 
genious method of producing hot- 
rolled bars to eliminate harmful de- 
fects and most of the grinding ex- 
pense. Rolled by this method to half 
the standard tolerances, with half 
or less the amount of decarburiza- 
tion, these CARILLOY Precision 
Rolled Coil Spring Rounds can be 
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used ‘“‘as furnished” or with only a 
small amount of centerless grinding. 

This exclusive development has 
paid off in two ways. It has paid off 
for the automobile manufacturer in 
that his costs are reduced and spring 
performance is of the highest order. 
And it has paid off for us because 
these CARILLOY Precision Rolled 
Coil Spring Rounds are now used in 
over half of the coil springs in new 
automobiles. 

Here’s just one more example 
of the better steel products being 
developed by United States Steel’s 
vast research program. To keep pace 
with the ever-increasing demand for 
special steel, United States Steel is 
always looking for young men with 
exceptional ability and training in 
metallurgy, engineering and related 
fields. For more information, write 
United States Steel Corporation, 
Room 2816-C, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. 
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—_ GERMANS TRIED IT and lost their nation 
—the Russians pretended to try it and made 
themselves slaves. 


You'll notice that security is always offered in 
return for your vote—“‘just a vote of confidence, 
so I can get for you what you want.” So the 
worker votes for a union boss he never saw, 
the businessman votes for a subsidy or cost-plus 
government contract. 


And for every inch they advance toward 


There are empioymeant opportuni- 
ties at Warner & Swasey for young 
men of ability and character who 
believe as firmly in the principles 
of Americanism as they do in the 
principles of sound engineering. 
Write Charles Ufford. 


You can’t vote yourself security 





security, they retreat a mile toward regulation 
that is next to servitude. 


But there is a way to enjoy security in America 
(and only in America, by the way). That is, to 
make yourself something the world must have— 
a skillful farmer, a productive worker, a sound 
businessman. In this country it is true that the 
more value you add to the world and the more 
you add to the world’s goods, the more you will 
be paid in return. That is security with self-respect 
—the only kind of security Americans want. 


re 
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Cleveland 


PRECISION 
MACHINERY 
SINCE 1880 


YOU CAN PRODUCE IT BETTER, FASTER, FOR LESS WITH WARNER & SWASEY MACHINE TOOLS, TEXTILE MACHINERY, CONSTRUCTION MACHINERY 








\ \ hats on the horizon 


for a young engineer ? 


HAT depends, of course, on where he sets his 
sights. 


The horizon at General Motors is crowded with 
opportunities for the young engineering school 
graduate. They are opportunities that he might 
never discover elsewhere. 


From General Motors flow an endless variety of 
products. Automobiles, trucks, refrigerators, 
Diesel engines are just a few. In addition, GM 
defense contracts include shells, bombsights, 
range finders, tanks and gas turbine engines. 


So you can see how a GM engineer has a real 
chance to follow his natural bent, and work in 
the field of his choice. 


But there’s another important advantage in 
launching your career at General Motors. All 


work is decentralized among GM’s 33 manufac- 
turing divisions, its 116 plants in 57 towns and 
cities throughout the United States. And though 
each division operates on its own, each can call 
upon the vast resources of GM’s central research 
and engineering laboratories. 

Thus General Motors, despite its size and scope, 
gives you the opportunity of working intimately 
with top engineers, of sharing their knowledge 
and experience. 

Does the opportunity pay off? Many engineering 
school graduates, now in key jobs at GM, can 
testify that it does. 

Why not check with your College Placement 
Office and arrange for an interview with our GM 
College Representative the next time he visits 
your campus. Or if you prefer, write direct to us. 


GENERAL MOTORS CORPORATION 
Persorinel Staff, Detroit 2, Michigan 
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E don’t need a crystal ball to foretell the 
future of any young engineer who finds his 
place in the family at Goodyear Aircrait. 


For Goodyear’s forty-four-year history has been 
one of teamwork with the aviation industry in 
forging new frontiers—utilizing the widest scope 
of engineering talents. 


Here is America’s only producer of both heavier- 
and lighter-than-air craft—builder of a wide range 
of aviation equipment which includes guided 
missiles and the electronic equipment which 
controls them. 


Here has taken place research, development and 
production of metals, plastics, devices and struc- 
tural designs not only for aircraft—but for many 
far-flung fields as well. 


From it came the first use of Duralumin in the 
construction of aircraft, and the development of 


ENGINEERS WANTED for research, 
design and development of: 


AIRPLANES, AIRSHIPS, HELICOPTERS, GUIDED MISSILES, ELECTRONIC 
COMPUTERS, AIRCRAFT COMPONENTS, RADOMES, WHEELS AND BRAKES, 
TRANSPARENT ENCLOSURES, REINFORCED PLASTICS, BONDED SANDWICH 
STRUCTURES, RADAR STRUCTURES and many other challenging opportunities. 





many of the processes now used in shaping and 
forming metal structures. 


From it came honeycomb structures with the 
strength of solids, electrically transparent enclo- 
sures for jet radar—and the radar itself—enclo- 
sures that must withstand 600-mile-an-hour 
raindrops. 

From it has come complete airships, airplanes, 
fuselage shells — and countless aircraft compo- 
nents for practically every member of the industry. 


All this and more has been made possible by 
the talents of young engineers who have come to 
Goodyear Aircraft because they have found it a 
good place to work — with future assured and 
opportunities unlimited. 

This is true because Goodyear is one of America’s 
basic industries—a place that will always be doing 
business, come defense, war or peace. 


Where will you find a broader, surer opportunity? 


AIRCRAFT 


Submit a brief resume of your qualifications and experience, or write us 
today for an application blank and further information. Address: Dr. K. 
Arnstein, Vice President of Engineering, Goodyear Aircraft Corporation, 
Akron 15, Ohio. 


GOODYEAR—The Company with COMPLETE Coverage in the Aeronautical Field 
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How 


your pipe dreams 


may become 


Lengths of Republic Electric Weld Casing are rapidly joined together and lowered hundreds or 
thousands of feet into an oil or gas well to line it with tough steel—to protect its walls against 
the tremendous pressures that otherwise might cause collapse of the hole. 


OU MAY NEVER DRILL for oil as a career. 
Nevertheless, this pipe has a message for you. 


Pioneered some 23 years ago by Republic, this pipe 
is made by a process of electric resistance welding. 
Flat-rolled steel, uniformly thick, with both sides 
visible for inspection, is cold formed and electric 
welded into tubular form. The resulting pipe is uni- 
formly round, uniform in wall thickness and uniformly 
strong throughout every inch of its structure. These 
qualities have speeded installation and itaproved pipe 
performance. Millions of feet of casing and tubing, 
and thousands of miles of line pipe in service have 
proved the dependability of the process. 


You may be out of school for several years before all 
the economic importance of these qualities have 


become a part of your experience. At this point, just 
consider this one fact about electric welded steel pipe: 
it was developed by a producer of steel. Republic is 
now the leading manufacturer of this type of product. 
Republic also fabricates many other products from 
steel—such as tubing, conduit, culverts, radio towers, 
windows, office furniture, steel cabinets for kitchens. 
It is a leading manufacturer of these products, too. 


Your pipe dreams of success in industry are more likely 
to flow with realities if you associate with a dynamic 
company. Some companies merely produce a material. 
Wouldn’t you be better off with a company that not 
only produces a basic material, but also knows how 
to design and fabricate its own product? That com- 
pany really knows what it is making —and selling. 
Such a company is Republic Steel. 


REPUBLIC STEEL 


GENERAL OFFICES - CLEVELAND 1, OHIO 


Re acti 
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WORLD'S WIDEST RANGE OF STEELS AND STEEL PRODUCTS 
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A MESSAGE TO 
COLLEGE ENGINEERING 
STUDENTS 


from J. K. Hodnette, Vice-President and 


General Manager, Apparatus Products, 
Westinghouse Electric Corporation 


To the young man with a vision of success 


ambitions of its young engineers. On the contrary, 


Success means different things to different men. It can 
mean professional recognition, or great achievement, 
or exciting work, or many other things. Whatever its 
special meaning to you—keep its image in your mind, 
for you are already well on the way to achieving it! 

If you are determined to become a research scientist, 
you can be. If you have a burning ambition to become 
a sales engineer, you can be. If you have your sights 
set on a top executive spot, you'll be there someday. 
One might think a large company like Westinghouse 
would have more pressing things to think of than the 


you CAN BE SURE...1F ITS 


Westinghouse 
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nothing is more important . . . for our professional 


people are our biggest asset. 

Here at Westinghouse, intensive efforts are made to 
help our professional men realize their individual goals 
—through extensive training programs, study programs 
leading to advanced degrees, leadership programs, and 
guidance in professional development. You are treated 
as an individual at Westinghouse. 


If you have the will, and are prepared, we can show 


you the way. G-10271 


For information on career opportunities 
with Westinghouse, consult Placement 
Officer of your’ University, or send for 
our 34-page book, Finding Your Place 
in Industry. 


Write: Mr. R. E, Davis, District Educa- 
tional Co-ordinator, Westinghouse Elec- 
tric Corporation, 10 High Street, 
Boston 10, Massachusetts. 





education and the freshman 


By Dana L. Farnsworth, M.D. 
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The Class of 1957 is beginning its work at the 
Institute at a time of great activity in many 
fields. The role of the scientist and engineer is 
under discussion and criticism to a constantly in- 
creasing degree. The idea that the scientist is re- 
sponsible only for the search for truth is out- 
moded. That he is equally concerned with the re- 
sults of his investigations and how they are used 
by others is more and more taken for granted. 
How to develop the ability to be a first-rate scien- 
tist on the one hand and an equally good inter- 
preter of the role of technology and science in 
our society on the other is a question of deep 
concern to all who are responsible for planning 
the educational opportunities at M.I.T. 

The average Freshman who comes here is 
filled with enthusiasm and interest. He has 
known for a long time that he was good in math- 
ematics or physics or chemistry, and studies in 
this general area were a breeze for him in high 
school. Perhaps he took pleasure in getting high 
marks with little apparent. effort and certainly 
he could not resist feeling a sense of pleasure at 
being called brilliant by his teachers. Maybe he 
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wasn’t so good in english or sociology or his- 
tory, but that was easily passed over with some 
such thought as, “Well, those subjects are pretty 
vague and not very important anyway. Besides 
I’m a slow reader but I could get them easily if 
I set my mind to it.” His beginning tendencies 
to narrow his point of view, belittling those 
areas of knowledge he did not understand too 
well, were easily overlooked in the general excel- 
lence of his accomplishments. 

Some Freshmen are here because they have 
been sent by parents who did not realize how 
much they were influencing their son’s or daugh- 
ter’s choice. A few, possible, are here for exactly 
the opposite reason, to show their parents they 
can succeed in a tough school. Whatever the va- 
ried reasons, the actual shock of suddenly com- 
ing into strong competition with 850 other per- 
sons with good records and a strong determina- 
tion to succeed, is greater than most had antici- 
pated. The result may be, and usually is, that the 
student settles down to work, develops good 
study habits, becomes a bit less of a perfection- 
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ist, learns a flexible, realistic way of accepting 
relative defeats, and finally comes through with 
satisfaction to himself and his associates. 

A very considerable number find the going 
anything but easy. Having developed the habit 
of depending on their native intelligence with- 
out learning good study habits, they may soon 
get hopelessly behind in their work. Those who 
are here primarily because of their parents’ in- 
sistence find it easy to get even with them by 
failing. If one’s relationships with parents have 
been unsatisfactory for a long time, some of the 
same difficulties will come up in relation to fac- 
ulty members or older students, making it seem 
as if the Institute were in a sense contributing 
to the lack of success. 

Nostalgia, or plain homesickness, is a big ob- 
stacle for several first year men. A few decide to 
make a really big splurge and sign up for too 
many extra-curricular activities, getting com- 
pletely bogged down in a few weeks. A still 
larger number are so determined to make good 
that they avoid everything but classes, labora- 
tory and study, thus developing an intolerable 
sense of loneliness or isolation, boredom, and a 
feeling that nothing matters much anyway. 

The curriculum itself offers the single great- 
est hazard to a sense of accomplishment the first 
year or two, and it is at the same time the source 
of the greatest pride and of the reputation that 
the schoo] possesses. A favorite comment of un- 
dergraduates is that M.I.T. is much over-rated, 
that it isn’t as good as lay people think it is. This 
was brought out a few years ago in a so-called 
joke in Voo Doo, in which a Freshman was bit- 
terly decrying the ignorance and poor teaching 
of one of his professors, to which his friend re- 
plied, “Yes, and to think that he is the best man 
in his field.” The point is this: it makes no par- 
ticular difference just now what the reputation 
of the place is; what is important is whether or 
not it is possible to get a good education here. 

There are two kinds of accomplishments to be 
gained in a scientific, and technological institu- 
tion. One can become a very skilled technician 
and do many complicated procedures in a very 
expert way. Along this path lies much satisfac- 
tion and the assurance of a steady income. This 
kind of training is given at M.I.T. but only inci- 
dentally to a larger purpose, even though such 
skills are necessary to all good scientists and en- 
gineers. The Institute is really interested in de- 
veloping men with a professional point of view, 
men who (to quote Professor W. K. Lewis) can 
handle themselves with ease and confidence in 
new and unfamiliar situations. As Ortega y Gas- 
set pointed out, the vital center of technology is 
pure science, and our very continuance in the 
kind of a civilization we live in depends on the 
activities of men who work and speculate and 
experiment in fundamental areas of knowledge. 
The first-year man who wants to become profi- 
cient in the professional sense must take the 
long-term view, be capable of long hours of hard 
work, develop curiosity and enthusiasm for 
knowledge for its own sake, and at the same time 
constantly strive to keep in mind the relation of 
his own activities to those in other fields of en- 
deavor. 

Looked at in this sense, the Institute is not 
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giving him an education. No professional schoa) 
can or should do that. It is merely attempting 
to create a special set of circumstances that will 
enable him to acquire it for himself in the most 
advantageous manner possible. Someone has said 
that education is the one commodity for which 
the buyer tries to make the worst possible bar- 
gain. At any rate it does seem clear that many 
svudents, through no fault of their own find it 
difficult to look at themselves objectively and so 
credit various elements in their environment for 
their lack of accomplishment. Getting to college 
is not enough; enthusiasm, idealism, energy, 
good intellectual habits, wide range of interests, 
ability to relate to one’s fellows, and a sense of 
humor are even more necessary. 

Since it is difficult for the young student to 
make his interests and tastes develop in line with 
what his older colleagues believe to be the proper 
form, it might be worthwhile to look at some of 
the obstacles to easy, natural development of the 
ability to enjoy scholastic work. M.I.T. has most 
of the usual ones possessed by all schools with a 
few peculiarly its own, The chief one of the lat- 
ter category is the over-emphasis on the cumula- 
tive rating of “cum” as it is locally called. 

The system of keeping a cumulative rating on 
each student has many things to be said in its fa- 
vor. It enables the student to know just where 
he stands. Placement officials and representa- 
tives of employing companies find it a meaning- 
ful figure. It penalizes the “lazy” and irrespon- 
sible student and rewards the constant and regu- 
lar achiever; in other words, it is fair and im- 
partial, The chief trouble is that it has become so 
over-emphasized that it now is used for far more 
meanings than it was ever intended to convey. 
Students and faculty alike over-value it. It fails 
to recognize that students do not all develop ex- 
actly alike. But worst of all, it furthers the im- 
plied belief that ends justify means; or to put it 
another way, getting a good grade takes prece- 
dence all too often over obtaining a thorough un- 
derstanding of subject matter. As Professor Rule 
has said, if one concentrates on understanding a 
subject, the grades will take care of themselves, 
while if one concentrates on grades, learning de- 
teriorates and grades along with it. It is still 
true, as Emerson said in 1864, “I would have the 
student know that no cheating, no coaching, no 
cramming for exhibition or rank, can be of any 
use. Only simple ability, only honest knowing, 
has any lasting value.” 

Another common hazard is that the new stu- 
dent often has not yet “worked through” his re- 
lationships with his parents to the point of sat- 
isfying independence and hence is still rebellious 
or over-dependent upon them, or he may have a 
mixture of these two attitudes (ambivalence). 
Consequently, when he gets here he may find peo- 
ple or conditions that recall his unpleasant am- 
bivalence toward his parents and so his hostility 
or anxiety is aroused. He then displaces his feel- 
ings toward the Institute or some situation in 
his environment, blaming his own shortcomings 
on it, thus delaying his own progress toward ma- 
turity. If, in that situation, regulations which 
were set up to protect him from his own mis- 
takes or procrastination are interpreted by him 
as punitive in intent, a vicious cycle is set up 
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Every mechanical development creates an opportunity 
to explore the field of spring action. And here you 
will find the Wallace Barnes Company your partner 
in mechanical progress. For Wallace Barnes shares 
its specialized research and knowledge through tech- 
nical assistance to design engineers in industry. 


risto!l Connecticat 


Springmakers for four generations 
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which sometimes requires outside help for its 
resolution. 

One could also mention apparent lack of per- 
sonal interest by instructors, the peculiar code of 
students which often interprets sincere efforts of 
an individual as apple-polishing, over-emphasis 
of fraternity life or extra-curricular activities, 
excessive desire for isolation, the manner of 
proctoring examinations, the similarity of the 
last year of high school to the first year curricu- 
lum—all these may handicap some students, de- 
pending on how they interpret specific situa- 
tions.* 

Last but not least, some students seem to be- 
lieve that the usual laws of hygiene do not apply 
to them. They know what to do when illness 
strikes but they know less than nothing about 
how health is maintained. The simple require- 
ment of eight hours of sleep, a regular balanced 
diet, regular exercise and recreation—these are 
thought to be unnecessary and impossible. The 
wise student will work on ways and means of 
working effectively within his physiological lim- 
its rather than form the habit of living on bor- 
rowed time and nervous energy. 

The average Freshman at M.I.T. is about 18 
years old. That is a convenient time to think of 
as the attainment of maturity. Physical maturity 
has nearly always been reached. Emotional ma- 
turity is so variable that one can only say that 
many have it but that some will never obtain it. 
Intellectual maturity is still many years away, 
though its chief elements are usually rather 
clearly defined in under-graduate years. What- 
ever may have been the attitude of one’s associ- 
ates before coming to college, the one mainly in 
evidence here is that the individual is completely 
responsible for himself until he has proved that 
he cannot use his freedom wisely. Even then, it 
is the hope of every faculty member that the in- 
dividual who has temporarily failed to live up to 
what is expected of him will be helped back to 
full responsibility, rather than be forced out of 
the institution. 

In a large school it is very easy for a new man 
to get lost in the mass, to make no new friends, 
to feel that no one cares for him in any personal 
way. This impersonal approach can be eliminated 
if all individuals, both students and staff, main- 
tain a friendly interested manner in their rela- 
tions with one another. To help in making the 
most of the intellectual and social opportunities, 
the Institute has organized a counseling system, 
made up of both upperclassmen and faculty mem- 
bers. It is the job of the counselor to help the 
student formulate his problem rather than solve 
it for him. Likewise he does not usually give di- 
rect advice but helps in looking at the various al- 
ternatives so that the student may come to his 
own decision. The counselor serves as a friend, 
a center of communication, someone who can 
help the new student find his way around in the 
complex community that makes up the Institute. 
He aids in interpreting the customs of the Insti- 
tute and in understanding its goals and ideals. It 
is not his job to tell the student what to do, to 
probe into his private affairs, nor is he obligated 

*Occasionally a student may temporarily exercise poor 
judgment in relation to his own ability resulting in other 
students thinking that he is unduly “throwing his weight 


around.” 
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to help every student who comes to see him. The 
student counselor particularly is in a very good 
position to help the new student avoid making 
obvious mistakes. At the same time the skillful 
upperclassman will try to encourage his new col- 
league without taking away from him in any de- 
gree his feeling of responsibility in his school 
work. 

In the counseling system the student has defi- 
nite responsibilities also. One of these is to get 
acquainted with his faculty and student counsel- 
ors aS soon as possible. True they are there to 
help if one is in trouble, but that is only an inci- 
dental though important function. They are in- 
volved in the system to help the student advance 
at his own optimum rate and in a manner that 
will cause him to look back on his years of for- 
mal education with keen enjoyment. ‘Conse- 
quently every man should make wise use of his 
counselors, the most capable students particu- 
larly. 

Counseling may be unofficial as well as official, 
and it may be unfortunate as well as beneficial. 
To consider two extremes, an older student may 
act as a kind of coach, teaching the new men how 
to outwit the system, who, in his opinion, are the 
good and the poor teachers, what to gripe about, 
and in general indoctrinating them in all his dis- 
satisfactions, to which each new man may later 
add his own, This process is sometimes called 
“cluing them in.” On the contrary, the upper- 
classman may, and usually has, worked through 
his own educations. exr ences to the point that 
he can realize that t!.+ . stitute is the result of 
the combined efforts oi Lhousands of individuals 
over a period of many years, and is thus in ef- 
fect a mirror of our best selves in a collective 
sense. As such it is entitled to respect when the 
image is clear and desirable, to corrective meas- 
ures through constructive criticism when some 
defect appears. A tolerant but friendly critical 
attitude permits the new student the privilege of 
making up his own mind about what he sees and 
experiences, after which he, too, will be in a po- 
sition to make constructive criticism. In this way 
true progress may take place, The student who 
if on the defensive for one reason or another is 
more apt to criticize first, then think about the 
issues involved. 

A balanced diet in intellectual fare is just as 
important to the man seeking a sound education 
as the proper variety of food is to his physical 
well-being. Most of our students come from 
homes that have reasonably high standards of 
conduct, of conversation, of community partici- 
pation and of culture. In the first flush of excite- 
ment that attends the discovery of a new and ex- 
citing field of activity, such as science or mathe- 
matics, a young man may confine his activities 
so exclusively to his new interests that he neg- 
lects the other necessary ingredients of a general 
education. As in the physical field, malnutrition 
then sets in, though gradually and at first im- 
perceptibly. It does come eventually, however, 
and in all too many instances takes the form of 
lack of interest in class, seminar or laboratory 
work, first in the subjects outside of science, then 
in the very areas in which he had previously 
been most interested. Grades which had previ- 

(Continued on page 67) 
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Dramatic step in giving 
grinding operators the 


“TOUCH 
OF GOLD” 


“32” ALUNDUM*, a Norton development in abrasives 


Today grinding is not just a “‘cost” 
item. Every time a Norton grinding 
wheel comes in contact with a product 
being made, the operator has the “Touch 
of Gold” . . . adds to product value and 
usefulness ...increases the profit margin. 
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Among the most revolutionary forward 
steps in grinding history was the develop- 
ment by Norton of “32” ALUNDUM 
abrasive. It set new standards for faster, 
more productive work on many types of 
grinding such as tool grinding, surface, 


DEMONSTRATION ... By a Norton- 
developed process,“"32” ALUNDUM abrasive 
grains form in an electric furnace in a fluid 
mass. Each grain ‘‘grows” into a single 
crystal. As the matrix dissolves, the crystals 
are released — each one complete in itself, 
strong, hard and with many sharp points. 
No crushing is necessary. 


TOOL GRINDING with a Norton ALUNDUM 
wheel is rapid . . . gives operators the 
**Touch of Gold” by better and more eco- 
nomical tool s!:arpening. 


internal, cylindrical, centerless grinding. 

This is one of the ways we at Norton 
carry out the tradition of ‘Making better 
products to make other products better.” 
Another is in the field of Special Re- 
fractories where Norton catalyst sup- 
ports, seamless porous mediums, kiln 
furniture and furnace linings are helping 
industrial progress. 

A career at Norton where engineers 
and technicians work in 19 specialized 
areas, would be interesting and produc- 
tive. But wherever you work, bear in 
mind that Norton is the world’s largest 
source of abrasives and abrasive products. 
For information write NoRTON CoMPANY, 
Worcester 6, Mass. 


NORTON 


Gilaking better products 
to make other products better 


Abrasive * Grinding Wheels © Pulpstones ¢ Oilstones 

Abrasive Paper ond Cloth ¢ Grinding and Lapping 

Machines * Non-Slip Fiooring © Refractories * Boron 
Carbide Products 


NORTON COMPANY 
WORCESTER 6, MASSACHUSETTS 
Behr-Manning, Troy, N. Y., Is A Division of Norton Company 
"Trade - Mork Reg. U. S. Pat. Off. ond Foreign Countries 
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- Y EXPERIENCE with machinery in 

M the Navy during the warconvinced 
me I needed a training course. There was 
so much equipment on board that was a 
complete mystery to me that I became 
very ‘training-course minded’. 

“After investigating many training 
courses, the one at Allis-Chalmers looked 
best to me then—and still does. 

“In my opinion the variety of equip- 
ment is what makes Allis-Chalmers such 
a good training spot. 

‘No matter what industry you may be 
interested in, Allis-Chalmers makes im- 


says LOWELL E. ACKMANN 


University of Illinois—B.S., E.E.—1944 
and now manager, Peoria, lil., Branch Office 


portant, specialized equipment for that 
industry. Electric power, steel, cement, 
paper, rock products, and flour milling 
industries—to name a few, are big users 
of A-C equipment. 


“Before starting on the Allis-Chalmers 
Graduate Training Course, I thought I 
would like selling, preferably technical 
selling but, as is often the case, I didn’t 
know for sure. This course, together with 
some personal guidance, helped me make 
up my mind. That, too, is an important 
advantage of the GTC program. 


“But whether you want to be a salesman 


Facts You Should Know About the 
Allis-Chalmers Graduate Training Course 


1. It’s well established, having been 
started in 1904. A large percentage of 
the management group are graduates 
of the course. 

2. The course offers a maximum of 24 
months’ training. Length and type of 
training is individually planned. 

3. The graduate engineer may choose 
the kind of work he wants to do: design, 
engineering, research, production, sales, 
erection, service, etc. 

4. He may choose the kind of power, 
processing, specialized equipment or 
industrial apparatus with which he will 
work, such as: steam or hydraulic, 
turbo-generators, circuit breakers, unit 
substations, transformers, motors, con- 
trol, pumps, kilns, coolers, rod and ball 


mills, crushers, vibrating screens, recti- 
fiers, induction and dielectric heaters, 
grain mills, sifters, etc. 


5. He will have individual attention 
and guidance in working out his train- 
ing program. 


6. The program has as its objective the 
right job for the right man. As he gets 
experience in different training loca- 
tions he can alter his course of training 
to match changing interests. 


7. For information watch for the Allis- 
Chalmers representative visiting your 
campus, or call an Allis-Chaimers dis- 
trict office, or write Graduate Training 
Section, Allis-Chalmers, Milwaukee 1, 
Wisconsin. 


ALLIS-CHALMERS 
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C-5676 


or designer, production engineer, or re- 
search engineer, Allis-Chalmers, with its 
wide variety of equipment and jobs, is an 
ideal place to get off to a good start— 
without wasting time.” 


PROCESSING—Allis-Chalmers built sol- 
vent extraction plant processes one hundred 
tons of rice bran per day at oil processing 
plant in Texas. 


POWER—Models show comparative size 
of generators having the same rating with 
and without super-charged hydrogen cool- 
ing. Allis-Chalmers is first to supply super- 
charged hydrogen cooling. 





PROBLEM: [o join or terminate 
any electrical conductor— anywhere 


SOLUTION: BURNDY CONNECTORS 


Wherever electrical conductors are joined, terminated, clamped or grounded 
—you’ll find Burndy connectors completing the circuit .. . safeguarding the 
circuit. Right down the line, from mammoth industrial or utility installa- 
tions to house service drops ... from B-36’s to washing machines Burndy 
connectors are included in the most exacting engineering specifications. 
Wherever your job takes you, you’ll find Burndy connectors on the job, too. 
Here are just a few examples of Burndy-engineered connectors: 


Sa | BURNDY SERVIT 
aA | Most versatile, efficient and popular split-bolt 
| connector for splices, taps, dead-ends. Used and 
re-used for sizes #12 Str. to 1000 Mem. Varia- 
f tions available for aluminum and steel conduc- 
tors, and for combinations of these and copper. 


BURNDY BARTAP 

Burndy has developed a complete line of heavy- 
duty connectors—standard and special shapes— 
of high current capacity. Used in utility sub- 
stations, industrial power houses, hydro-electric 
projects, etc, 


8 | 
ry i 
cee an lal did 


BURNDY HYSPLICE 

These compression splices, installed by Burndy 
hydraulic tools, are used in power transmission 
lines, where joints require maximum conductivity, 
highest mechanical strength. 


Solderless connector of one-piece, pure copper 
construction—with longitudinal indent method of 
installation. Adaptable to economical mass-pro- 
duction, used in thousands of plants manufactur- 
ing electrical equipment. A Surhdy oxelosive, 


| 
BURNDY HYLUG 


tne ellen en et 


Engineering graduates and students are invited to 
visit Burndy Connector Headquarters for a first-hand 
look at the world’s foremost research, engineering, 
and production skills . . . devoted exclusively to the 
design and manufacture of electrical connectors. 


5225 BURNDY ENGINEERING COMPANY INC., norwaik, connect. BURNDY CANADA LTD., TorontO 8, ont. 
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See that tiny speck of oxide on a hair-like 
wire? It’s called a thermistor, and 
it’s the first practical thermally sensi- 
tive resistor. It’s so sensitive it will 
measure temperature variations 
within one-millionth of a degree. As 
a circuit element and control device, 
this small, stable and rugged unit 
has a place in a variety of electrical 
circuits. 

Although the thermistor is the smallest 
and, in appearance, one of the simp- 
lest devices made by Western Elec- 
tric—manufacturing unit of the Bell 
Telephone System—it was more 
than 100 years in the making. 


Back in the 19th Century—some time 
before Western Electric was founded 
in 1869— Michael Faraday studied a 
curious thermally sensitive resistor 
material similar to that used in 20th 
Century thermistors. As Faraday 
and others after him discovered, the 
trouble with making effective use of 
this material was that different units 
made by what seemed to be the 
same process, showed large variations 
in their behavior. The problem of 
how to control the amount of im- 
purities present in the material was 
finally solved a few years ago by our 
research team mates at Bell Tele- 
phone Laboratories. 


At Western Electric’s Allentown ( Pa.) 
Plant hundreds of minute thermistor 
components are electrically tested and 
sorted every day. The basic component, 
an oxide, has a large negative temper- 
ature coefficient of resistivity. 


A UNIT OF THE BELL SYSTEM SINCE 1682 


OCTOBER, 1953 


Once beyond the laboratory stage, 
Western Electric’s engineers tackled 
the job of mass-producing the hard- 
to-handle oxides. After many trials 
they got a pilot line in operation — 
then a full scale production line 
through which compressed powders 
of thermistor material could be sin- 
tered into a strong, compact and 
homogenous mass. Today reliable 
thermistors are being made in many 
shapes and sizes—small beads, rods, 
discs, washers — to meet varying 
circuit and design problems. To 
make this possible, Western Electric 
engineers had to find new ways to 
apply a slurry of oxides on wire; new 
ways to extrude and mold oxide 
mixtures. 


At every turn, the thermistor has pre- 
sented fresh challenges to our engi- 
neers. Engineering is like that at 
Western Electric--where technical 
men of varied skills pool their knowl- 
edge in a constant search for new 
and better ways to do things. 


The thermistor takes many forms de- 
pending on the resistance and power- 
handling capacity needed in a particu- 
lar circuit. 


WANT TO KNOW MORE? 


Send the coupon below for a copy of 
the 16-page technical monograph en- 
titled, ““Thermistors as Components 
Open Product Design Horizons.” 


WESTERN ELECTRIC COMPANY 
COLLEGE RELATIONS DEPARTMENT 
195 BROADWAY, NEW YORK 7, WN. Y. 
I'd like more information about 
CJ Thermistors and their application 
() Engineering opportunities at Western Electric 
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from the editor’s notebook 
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On the Weaknesses of Tech Men 


One weakness of the Tech man which is often applied as an asset is his utter 
laziness. Often, in order to avoid getting out of bed on a cold morning to close his 
window and turn on his radiator, he will work several days to build a system that 
can perform these tasks automatically for him. The effort that he puts into the 
building of such a system is far more than the effort that he would have to exert 
to close a window and turn on a radiator every morning for the rest of his life. 

Academically a similar progressive accomplishment is often attained when, fall- 
ing behind in his work just before a quiz, the Tech man tries to study and learn a 
subject in as little time as pessible. Very often he succeeds! When he succeeds it is 
a sign that he has applied his laziness to studies and has learned how to study the 
most in the least time. He learns how to think when he studies and to realize, every 
moment that he is at his books, just what he is doing and why. He learns to eschew 
all repetitive “dog work” problems and to work a little more in those fields in which 
he is having difficulties. When he finally graduates, his most important gain at M.LT. 
is not the acquisition of knowledge but the ability to think. He gets the most out of 
the least, and laziness, accompanied by a little thought, conquers all. Of course, I am 
not advocating falling behind in one’s work. All that I wish to put over is that the 
Tech man who thinks when he studies gains the most. 

This thinking while studying principle should also be applied to the class room. 
Somebody once said that formal education is a process in which the professor trans- 
fers the content of his lecture notes into the note books of the student without hav- 
ing it pass through the brain of either. Too many students go to class with their 
note books in the role of a stenographer. Everything that is said, even the trivia, is 
transcribed into the nctebooks. At the end of the course the note books are entirely 
worthless and are usually filed away and never referred to again. 

Unfortunately, ac M.I.T. there are not many courses which require thinking. Any 
student who memorizes the text can usually pass the course. Most students, how- 
ever, do eventually pick up the ability to think; they are lazy and want to make 
school easier. They do. - 

D. E. 


Why An Activity? 


Much has been said about the advantages of joining an extra-curricular activity 
—so much that freshmen soon get tired of hearing clichés like “worthwhile experi- 
ence”, “good fellowship”, and “better jovs after graduation”. We don’t deny the 
existence of these advantages, but for most Tech men they have no real meaning. 
Most of us join an activity simply because we enjoy it. Of course, the activity or 
activities anyone selects depends on his personal tastes. Some like to go on winter 
mountaineering trips and sleep in the snow. Others take pleasure in building model 
airplanes or amplifiers. Still others feel most at home working for one of the student 
publications or for our student government. 

No matter what you like to do, the important thing to remember is, do it. Time 
should be no problem judging from the many students who are almost always ready 
to join a bull sessicn or take part in some other activity they enjoy. — 


About Our Authors... 


Dr. Hermatilda Klutz, author of The LeSagian Theory of Gravitation, is one of 
the most prominent women in several regi »ns of physical research. She received her 
early training under Max Planck at Munich, and is well known for her researches in 
theoretical and applied physics carried on in collaboration with many of the leading 
scientific figures of our time. She is currently on the staff of the University of Anti- 
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the pegaso 


The Simplest Complex Automobile on the Road 


By Karl E. Ludvigsen, '56 


In October of 1951 the first notices were pub- 
lished of a marvellous new automobile, which, it 
was anticipated, would soon move into the hal- 
lowed ranks peopled by Ferrari, Jaguar, Alfa- 
Romeo, Lancia, et al. Now, two years later, many 
are‘inclined to relegate it to the ghostly group in- 
cluding Tucker, Davis, and the Cisitalia, Sacha 
Gordine, C.T.A.-Arsenal, and B.R.M. racing cars. 
The Pegaso was a car of great promise, fathered 
by a great designer and given birth by a well- 
known motor truck manufacturing concern. How- 
ever, we may well ask, ‘““Were their intentions hon- 
orable?” Let us first examine the parents, as a 
preliminary to an investigation of their progeny. 

Wilfredo P. Ricart, now in his early fifties, is 
responsible for the concept of the Pegaso as a 
spare-no-expense sports edition of current racing 
practise. He has been concerned for 30 years with 
sports and racing cars in general, and was for ten 
years head designer of Alfa-Romeo’s racing de- 
partment. During this time he developed the fab- 
led blown 11% liter flat 12 cylinder Alfa racing 
engine, which was tried during and after the war, 
but never raced. He was in Italy at the outbreak 
of the Spanish Civil War, and remained there until 
its cessation. Thus Ricart was strongly influenced 
by Italian practise when he set out to design the 


The distinctive "el Dominicano” at the Bridgehampton Schoolhouse Tour. 


first Spanish automobile since the Hispano-Suiza. 
He is President of the Spanish Society of Auto- 
motive Engineers, and was nominated Governor of 
the International Automotive Institute of Spain. 

The Pegaso is built in the old Hispano-Suiza 
factory in Barcelona, under the auspices of the 
Empresa Nacional de Autocamiones, S.A. E.N. 
A.S.A., as it is known, is a Nationalized industry, 
well-known for its heavy-duty trucks and buses. 
The catalogue proclaims that some fifteen and a 
half million dollars are behind this venture, as a 
reassurance to hesitant prospects. Most of the 
parts for the Pegaso are made in Spain, while the 
center-lock wire wheels, Weber carburetors, Lock- 
heed brakes, Bosch electrical system and, as I dis- 
covered, the Marshall-Nordec supercharger, are 
obtained from outside suppliers. 

Ricart’s design for the Pegaso is complex in 
general concept, but simple in detail. His object 
was to produce a sports car embodying the best 
elements of design current in Grand Prix racing 
cars at the time of conception. Some of these ele- 
ments are the twin-overhead camshaft V-eight 
engine; the combined transmission and final-drive 
unit; the De Dion rear suspension, and the use of 
torsion bar springing all around. While these re- 
finements often lead to complexity, in the Pegaso 
they are executed in a very straightforward man- 

ner. Indeed, Ricart seems at his 
best when working in accordance 
with these ideas, since the weak 
spots of the car’s design are to 
be found where he has deviated 
from current practise and from 
simplicity. The Pegaso was in- 
tended to be “the right combina- 
tion of the world’s best designs.” 
Let us examine the car and try 
to find where it falls short of 
this goal. 

Light alloys are used extens- 
ively throughout the car, and 
particularly in the engine. A 
single light aluminum alloy cast- 
ing comprises the block and 
crankcase, with the banks slight- 
ly offset to allow side-by-side 
connecting rods. The removable 
wet cylinder liners are forged 
steel, nitrided, and the bore is 
lapped and honed. Each liner has 
two rubber seals at its base. The 
crankshaft, with its four throws 
at 90 degree intervals, is of a 
special nitrided steel alloy, and 
is carried in five aluminum bear- 
ing shells, with forged aluminum 
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caps. The crank is dynamically balanced, and has 
a torsional damper at the tront end, where power 
is aiso taken for the various pumps and engine 
accessories. ‘the connecting rods are forged nickel 
steel, machined all over, with two bolts retaining 
the special aluminum alloy big end bushing which 
is free to rotate on both its inner and outer sur- 
faces. A bronze bushing is used at the wrist pin 
end. The pistons for standard compression ratios 
are cast aluminum alloy, while those for extremely 
high racing ratios are torged aluminum. There is 
a single large stiffening rib under the crown, 
which 1s wei contoured “to hold the charge up 
where the spark can see it.” ‘there are two com- 
pression and three oil rings per piston. The cylin- 
der heads are of light alloy with stellite valve seat 
inserts and bronze valve guides. Each of the two 
camshafts per head is carried in five needle bear- 
ings, and the valves are operated through light- 
weight chill-cast piston-type tappets, which also 
operate in bronze guides. '!he tappets are helically 
slotted for reduced weight and improved lubrica- 
tion. As in the Jaguar AK120 engine, valve clear- 
ance is adjusted by means of removable steel 
shims between the valve stem and the inner sur- 
face of the tappet, against which the two concen- 
tric valve springs also operate. The intake valve, 
opening into a hemispherical combustion chamber, 
is of bronze-aluminum and has a hollow tulip-type 
head. The high-speed tool steel exhaust valve has 
a fiat face and a deflector to protect the valve 
guide, and the stem is sodium filled and electrically 
welded. The original plan was to offer a system of 
three roller chains te drive the camshafts on tour- 
ing models and a gear drive for racing versions, 
but the latter system seems to have been stand- 
ardized for most models. lhe water pump, fan, 
and two oil pumps are driven from the camshaft 
gear train and are housed in the front of the gear 
cover. The water from the high speed centrifugal 


pump is carefully ducted to the 
exhaust valves and the wet 
liners, and a special duct leads 
to the intake manifold to warm 
the mixture. A thermostatically 
controlled shutter aids rapid 
warming up. Lubrication is by 
the dry sump system, with a 
scavenger pump retrieving oil 
from the ribbed light alloy pan 
and delivering it to the combined 
oil cooler-reservoir located below 
and in unit with the radiator. A 
pressure pump then passes the 
oil through two disc-type filters 
mounted in parallel, which clean 
themselves automatically when 
the clutch pedal is depressed. A 
pressure differential valve ad- 
mits oil at lower pressure to the 
valve mechanism. There are sev- 
eral carburetor options, the 
standard instrument being a sin- 
gle Weber type 36 D.C.F. 1 dual 
choke instrument. With its dup- 
licated jet adjustments, this is 
the equivalent of two carbu- 
retors. Also available is a mani- 
fold accommodating four Weber 
type 36 D.C.F. 3 units, which 
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provide a separate venturi for each cylinder. A 
third possibility is the use of a Roots-type super- 
charger made by Marshall-Nordec of England. 
This blower has hollow two-lobe rotors, an alum- 
inum case, spur gearing on the driven end, and 
Hoffman ball bearings. It is driven at engine speed 
by a short shaft, splined at the blower end and 
geared to the right bank camshaft drive. It draws 
the mixture from one Weber horizontal twin-choke 
instrument. Two pumps are used to supply fuel 
from the twin tanks, which are so formed to ac- 
commodate the rear mounted gearbox. A mechan- 
ical pump is driven from the rear of the right 
hand intake camshaft, and a pressure release 
valve and return pipe see that any excess fuel is 
returned to the tank. An electric Autopulse pump 
mounted in series is supplied for use in town. An 
air duct and cleaner are mounted under the hood, 
and an outlet mates with the carburetor top when 
the hood is closed. Again, the original plan was to 
offer a Bosch coil ignition system with dual dis- 
tributors and mechanical advance as standard 
equipment, and a magneto optional, but the latter, 
a Bosch type MZEZ 20/1B3, is the only one men- 
tioned in the owner’s manual. The coil system was 
to use Bosch 225 or 240 plugs, while 260 to 310 
plugs are fitted with the magneto. The only V-belt 
in the car drives the rear center-mounted 12 volt 
generator from the back end of the left intake 
camshaft. The exterior of the engine speaks its 
fine design, all parts being either polished or 
brown crackle finished. 

The dry single-plate clutch operates inside an 
aluminum-alloy housing with an extension which 
shortens the open driveshaft. The latter is of tub- 
ular steel and has a Layrub flexible coupling at 
each end. All speeds in the gearbox are indirect, 
as the drive passes beneath the differential to the 
primary gears, the secondary shaft being above 
and running forward to the final drive gear. Thus, 


The very neat coupe by Touring seen at Bridgehampton. 





The Pegaso has a very high finish of all engine and chassis parts. 


all gears are helical, some having pierced webs to 
reduce weight. Speeds are engaged by dog 
clutches, the whole system being reminiscent of 
motorcycle practice. The case of the rear assem- 
bly is of aluminum, and is cast in three pieces. 
The main unit carries the Gleason spiral bevel 
final drive, the ZF cam-type limited-slip differen- 
tial, and the transmission gears. An extension 
bolted to the rear of the case carries the first and 
reverse gears, while a rear cover contains the 
transmission oil pump and filter. The transmission 
is fully pressure lubricated, with a pump drawing 
oil from the wet sump and passing it by a relief 
valve and through a filter to the drilled shafts. A 
dipstick to check the oil level is accessible through 


Not.bad looking, the panel that is. 


Specifications 


ENGINE DIMENSIONS: 


Cylinders: 

Bore 102B/2.5: 

102B/2.8: 

Stroke: 

Cubic capacity 
102B/2.5: 
102B/2.8: 

Piston area: 
102B/2.5: 
102B/2.8: 

Valve angle from cyl. C. L. 
Intake: 45° 
Exhaust: 49° 

Valve head dia. 
Intake: 
Exhaust: 

Total valve area 
Intake: 
Exhaust: 

Valve lift: 

Valve stem dia. 
Intake: 0.5 in. 
Exhaust: 0.56 in. 

Valve timing 
Inlet opens B.T.D.C.: 25° 
Inlet closes A.B.D.C.: 70° 
Exhaust opens B.B.D. 70° 
Exhaust closes A.T.D. 25° 

Valve clearance 
Intake: 

Exhaust: 

Tappet dia.: 

Compression ratios 
102B/2.5: 
102B/2.8: 
102BS/2.5: 
102BS/2.8 

Main bearing 
Diameter: 

Width: 

Connecting rod bearing 
Diameter: 

Width: 

Wrist pin dia.: 


90° V-8 
75mm (2.95 in.) 
80mm (3.14 in.) 
70mm (2.76 in.) 


2,472cc (150.5 cu. in.) 
2,81 6ce (171.5 cu. in.) 


54.7 sq. in. 
61.9 sq. in. 


1.81 in. 
1.49 in. 


20.6 sq. in. 
13.9 sq. in. 
0.33 in. 


CG. 
C.: 


0.020 in. 
0.028 in. 
1.77 in. 


7.90, 8.10, 8.50, 9.00 
7.80, 8.20, 8.80 
6.50, 7.10, 7.50 

6.00, 7.30 


ENGINE ACCESSORIES: 


Carburetor venturi dia.: 
Magneto spark advance 

Initial: i‘? 

Automatic: 45° 

Total: 62° 
Plug size: 14 mm 
Plug gap: 0.016 in. 
Oil weight: S.A.E. 30 
Oil pressure 

Mains: 

Valve gear: 
Total oil capy.: 
Water capacity 

Motor: 9.50 quarts 

Radiator: 12.67 quarts 

Total: 22.17 quarts 


71 p.s.i. 
14 p.s.i. 
12.67 quarts 
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Supercharger 
Boost: 9 Ibs. 
Lobe length: 9.5 ins. 
Lobe dia.: 5.2 ins. 
Gasoline capacity: 22 gallons 
Min. gasoline quality: 80 octane 
Electrical system: Bosch 12 volt 
Generator: 150 or 300 watts 
Battery: 60-82 amp./hours 


ENGINE PERFORMANCE: 

Torque: 
102B/2.5: 
102B/2.8: 
102BS/2.8: 

Maximum effective revs. 
102B/2.5: 
102B/2.8: 
102BS/2.5: 

Maximum power 
102BS/2.8: 

Dry weight 
Engine without clutch: 398 Ibs. 
Clutch alone: 35 Ibs. 


TRANSMISSION: 
Clutch dia.: 


Gear ratios: 


op (o.d. 
ra 


3rd 

2nd 

Ist 

reverse 

Final drive ratios: 

12/45 3.75 to | 

11/46 or 4.18 to | 
| 
| 


137.5 ft. Ibs. @ 3900 rpm 
160 ft. Ibs. @ 3600 rpm 
240 ft. Ibs. @ 4000 rpm 


6300 rpm 
6300 rpm 
6800 rpm 


250 bhp @ 6600 rpm 


11/48 4.36 to 
11/52 4.73 to 
10/52 5.20 to | 
Oil capacity: 7.40 quarts 
Tire sizes: 5.50x 16 
6.00 x 16 
6.50 x 16 
17 inch rims available 


CHASSIS DETAILS: 
Brake drum dia.: 12.8 ins. 
Friction lining area: 190 sq. ins. 
Steering wheel angle: 18° 
Number of turns, lock to lock: 
Original: 4.0 
Current: 1.6 
Turning circle dia.: 31 ft. 
King pin length: 5 ins. 


DIMENSIONS: 
Wheelbase: 92 I 
Front track: 52 i 
Rear track: 50.8 i 
Overall width: 62 j 
Overall length: 162 i 
Ground clearance: 6.3 
Overall height: 51 
Dry weights: 

Factory berlinette 
Sports: 2430 Ibs. 
Touring: 2820 Ibs. 
Open sports 
Unblown: 
Blown: 
Chassis only: 


2183 Ibs. 
2337 Ibs. 
1950 Ibs. 
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A view with the supercharger removed shows the internally splined 
driving shaft. 


the trunk compartment. Gear selection is effected 
by a remote control unit operating through a 
single universally-jointed shaft. The rear brake 
drums are mounted on either side of the gearbox 
unit, as sprung weight. They are of Al-Fin con- 
struction, and have fins and vanes to draw air 
from the sides for cooling and to exhaust it at the 
rear. The chrome-nickel steel half-shafts have 
plain Hooke-type universal joints at each end, 
necessitating a splined slip joint on each shaft. 
Rear suspension is by the De Dion system, the 
chrome-molybdenum steel dead axle tube crossing 
forward of the gearbox unit. A steel-sided vertical 


The very large Weber carburetor has its own cast pipe to the 


The plastic members used in this display bear no relation to the 
actual chassis structure. 
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The main chassis units are distributed to give a high polar move- 


ment of inertia. 


channel in the front of the differential housing 
receives a rubber-edged disc some 3!% inches in 
diameter which is mounted en the cross tube 
through a ball bearing. This system gives perfect 
lateral control and free vertical movement, and 
was employed by Mercedes-Benz and Allard. The 
placement of the torque reaction arms seems orig- 
inal, however. The arms go back from the hubs 
instead of forward, and have a common anchor at 
the center of the chassis instead of at the sides. 
This latter feature eliminates the need for a flex- 
ible joint in the De Dion tube to relieve torsional 
stress as was used by Mercedes-Benz and Auto- 
Union. At the chassis end of the pierced steel re- 
action arms there are screw adjustments to set the 
precise angle of the dead axle, and rubber bush- 
ings are used at the anchor as well as at most 
other linkage joints in the suspension. A six-inch 
link at each side connects the tube to the 31-inch 
torsion bars mounted side-by-side transversely 
above the-drive unit. The telescopic double-action 
shock absorbers are mounted below the torsion 
bar levers so that they are extended on bump and 
compressed on rebound. These are of special 
E.N.A.S.A. design and manufacture, and, unlike 
common hydraulic units, they cannot be extended 
or compressed even slowly by hand. 

The front suspension is the familiar parallelo- 
gram arm system, with some interesting varia- 
tions. Each side of each individual A-arm is a sep- 
arate forging, completely machined and assembled 
with bolts. The upper arm is 61% inches long, 
while the lower is 7 inches. The inner ends of the 
arms pivot from a steel pressing, which in turn is 
attached to the frame by a single 2% inch stud 
and nut. The unit is prevented from rotating under 
braking by an arm extending to the rear, which 
has a screw fitting at the chassis end for caster 
adjustment. A single longitudinal torsion bar is 
used on each side, splined at the middle to the 
lower arm and anchored to the chassis at each end, 
giving the illusion of two bars on each side. The 
original layout had the bottom end of the tubular 
shock absorber connected to the lower arm, but it 
has since been raised to the upper arm, where it 
is compressed on bump, in the usual manner. The 
arms and their pivots were also strengthened 
when this change was made. The brake drums are 
like those at the back, finned and pierced, but the 
backing plate is fitted with a scoop and there are 
two leading shoes in the Lockheed system. The 
master cylinder is of displacement type, as used 
in some Girling brakes, instead of piston type. 
There are two fluid reservoirs mounted on the fire- 
wall, and separate hydraulic circuits for front and 
rear brakes. 

Steering is by worm and sector, the sector be- 
ing at the top of a vertical shaft housing, from the 
bottom of which the longitudinal drag link is op- 
erated. A complex system of bell cranks and a tie 
rod transfer motion to the final steering rods, 
which are forward of and slightly below the lower 
suspension arm and one inch longer than that 
member. The steering box is of E.N.A.S.A. manu- 
facture, and uses ball bearings throughout. 

The Pegaso has no frame as such, but uses a 
combined chassis-body platform construction of 
electrically welded chrome-molybdenum steel. 
Stressed sheets and square-section members are 
used extensively. as are lightening holes. The 
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much-favored tubular structures 
are conspicuously absent. The 
engine is mounted on four rub- 
ber supports, and the transmis- 
sion assembly uses three rubber 
bushings. The chassis structure 
differs greatly in detail with 
various types of body-work, no 
two examples in this country be- 
ing precisely alike. 

This car is supplied either with 
coachwork by the leading Euro- 
pean custom body makers or 
with a_ straightforward coupe 
body built at the factory. The 
instrument and cockpit layout is 
basically the same for all models, 
the main difference being in ease 
of ingress and egress, which is 
exceedingly difficult in some of 
the coachbuilt editions. Once in- 
side, however, the driver sits 
well down in the car, vision be- 
ing good but not exceptional. 
The 17-inch steering wheel is 
adjustable 314 inches fore and 
aft, and has two spokes in the 
standard version and three in 
special bodies. Instrumentation 
includes an 8000 r.p.m. tach- 
ometer, ammeter, water temper- 
ature, oil pressure and tempera- 
ture, gasoline level, clock, and a 
200 kilometers per hour speed- 
ometer. The three pedals are 
similar in shape and placed close together on the 
same level, giving plenty of foot room with the 
rear mounted gearbox. The clutch pedal travel is 
very stiff and short, while that of the accelerator 
is longer than normal. The unusually-shaped gear 
shift knob is very agreeable to the hand, and the 
remote control is positive and sure. It was noted 
that with the car at rest, the steering wheel could 
be moved two inches at the rim without affecting 
the angle of the front wheels. This was more pro- 
nounced on cars,that had done an appreciable 
mileage. 

A discussion of the engine should begin with 
the basis of its design, the cylinder arrangement 
and bore and stroke. A V-8 was chosen to give 
high piston area together -with short overall 
length to conform to the very short wheelbase. 
All engines use the same 70 mm stroke, with al- 
ternative bores of 75 and 80 mm. This gives 
stroke: bore ratios of 0.93:1 and 0.87:1, which are 
in line with Ferrari’s 0.85:1 in the “Mexico” model 
but well above the 0.81:1 of Buick’s new V-8. This 
stroke gives the following piston speeds: 2890 
f.p.m. at 6300 r.p.m.; 3040 at 6500, and 3120 at 
6800. The hallowed 2500 f.p.m. is reached at 5440 
revs., which, in overdrive 5th. with a 4.36 to 1 
rear end, correspends to 128 m.p.h. The piston 
areas of 54.7 and 61.9 sq. ins. are not only high 
as absolute values, but also indicate a ratio of 
piston area to capacity exceeded only by Ferrari 
and Porsche. The large bore that produces this 
useful area also allows the use of large valves. The 
valve area of the Pegaso is roughly equivalent to 
that of many big American V-8s, and, together 
with the direct method of valve operation, it pro- 
duces exceptionally good breathing at high engine 
speeds. The use of piston-type tappets for o.h.c. 
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@ There's a K&E slide rule for every purpose. Whether designed 
to meet the modest needs of the beginner or the exacting require- 
ments of professionals, all K&E rules feature “built in’’ accuracy 
and reflect the skill and craftsmanship of America’s most experi- 
enced slide rule manufacturer. 


KEUFFEL & ESSER CO. 


est. 1867 


NEW YORK * HOBOKEN, N. J. 
Chicago ® St. Louis * Detroit * San Francisco * Los Angeles * Montreal 


operation has become popular since the war, and 
since the success of the Jaguar XK120 engine. 
facing engines before 1939 almost exclusively 
placed pivoted fingers between cam and valve to 
take side thrust, but this method would be too 
complex fer Ricart’s ideal of simplicity of detail. 
The valve timing is extreme, the only American 
cars with longer open periods being the Buick and 


The deDion tube and radius arm mounting are unusual. 


This is the single carburetor, gear-driver-cam model. 
i 
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Hudson, which have very “wild” cams. It also sur- 
passes most “full-race’” Ford grinds, and such 
standard sports cars as the M.G. and Jaguar. In- 
ternal cooling for valves, while popular in aircraft 
engines, was not employed on land until Mercedes, 
replete with aviation experience, introduced sod- 
ium cooling in the 1937 W125. The Pegaso exhaust 
valve, with its gas deflector and thick sodium-filled 
stem, also smacks strongly of aircraft practise. 
Camshaft drive by gears has been proven in racing 
but is an innovation in the spert-touring field. 
This is assuredly the most accurate and depend- 
able method, but has heretofore been prohibitively 
expensive. The use of plain main and big end bear- 
ings is not unusual, but the use of a floating big 
end bushing and the very special aluminum alloy 
bearing composition are at this time unique to the 
Pegaso. The five rings per piston can be expected 
to give better oil control at the expense of me- 
chanical efficiency. Combination of water radiator 
with the entire oil reservoir is unusual, but for- 
ward location of the tank in a dry sump system 
has been used before by Aston-Martin, among 
others. Thus it can be said that the engine design 
utilizes many principles proven in racing and gen- 
eral use, and ventures into the unknown only in 
details which do not affect the basic design. A de- 
fect in one of these details, then, can be easily 
remedied without drastic alterations to the engine 
as a whole. Given the satisfactory performance of 
these details, the engine should prove to be a re- 
liable and versatile unit. 

The drive system and gearbox location are 
among the most unusual features of the Pegaso, 
but we again find that the innovations have been 
executed in the simplest possible way. With a rear- 
mounted transmission the clutch could be either 
in unit with the engine or with the gearbox. The 
latter, used by Lancia, would seem to be prefer- 
able, since the speed of synchronization in the 
transmission depends on the speed difference and 
on the moment of inertia of the shafts and units 
being speeded up or slowed down. Placing the 
clutch together with the engine would add the 
whole length of the drive shaft to this burden. 
but Pegaso has joined most G.P. racing cars in 
adopting this solution, in recognition both of the 
ease with which a single-disc clutch can be 
mounted on the flywheel and of the difficulty with 
which it can be accommodated in a complex rear 
suspension. Locating the gearbox behind the rear 
axle in a front-engined design is distinctly un- 
usual, but is simply a further development of pre- 
war Mercedes-Benz racing policy. The placement 
of the gearbox weight at the rear of the car not 
only improves weight distribution, but also fol- 
lows the M.-B. fetish of disposing heavy masses as 
far away from the center of the car as possible, 
to increase the polar moment of inertia of the 
chassis as a whole. This increases the resistance 
of the car to any external slewing couples. The 
gear ratios are clearly chosen for high speed work, 
4th being for maximum speed and overdrive for 
touring. Top speeds in gears at 6300 r.p.m. are 
43 m.p.h. in first, 71 in second, 103 in third, 128 
in fourth, and an impossible 148 m.p.h. in top. The 
Z.F. limited slip differential is in common use in 
racing cars and, due to its inherent inefficency, on 
a sharp corner it may absorb up to 50 per cent of 
the input power, greatly increasing control and 
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The Pegaso steering linkage is extremely complex. 


traction. This power absorption increases with the 
decreasing radius of the turn. The half-shafts use 
the expedient of two Hooke-type universals and a 
splined section, in place of the complex De Dion 
pot-type joint used by Mercedes. The splined 
center-lock wire wheel hubs are considerably 
larger than standard, to give the wheel more lat- 
eral support and to distribute all stresses. 

The front suspension and steering seem to be 
among the weaker points of the car. Conspicuous 
changes have been made in those units since the 
car’s inception, all in the direction of increased 
stability and control. The change in shock ab- 
sorber mounting has already been noted, and it is 
likely that the original position of the damper 
prevented adequate bracing of the upper arm, 
since the shock had to pass through that member. 
The method of attaching the suspension assembly 
to the frame is distinctly unusual, but with the 
torque arm extending backwards it should be suffi- 
ciently rigid, and it certainly makes removal of 
the unit a simple task. Since the bottom suspen- 
sion arm is only slightly longer than the top, there 
will be small changes in both camber and track 
when the wheel is displaced, giving a front roll 
center just above ground level. This geometry has 
been used with success by many marques, but it is 
again possible that the earlier Pegaso units lacked 
the rigidity to cope with severe braking’ and cor- 
nering stresses. The excessively stiff shock ab- 
sorbers may be a stop gap remedy in lieu of more 
exact knowledge, as was the hard springing on the 
first independently suspended racing cars. To 
quote Autocourse, on the subject of the Monaco 
sports car race in June of 1952, when the Pegasos 


were still using the earlier suspension: ‘Promi- 
nent among the entries were two Pegasos, but 
while one was given credit for a reasonably fast 
lap during the training period, it was clear that 
neither car was au point, and both gave consider- 
able visual evidence that the steering and general 
stability were far from correct. Both were wisely 
withdrawn.” Also Auto magazine, on the same 
subject: “Their biggest difficulty seems to lie in 
steering and brakes.” Here accusing fingers are 
pointed at the steering, which seems to be need- 
lessly complicated. There are no less than eight 
ball joints and two pivots, all of which require 
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greasing every 1500 kilometers and are potential 
sources of lost motion and friction. Nor is the 
worm and sector gear known for its freedom from 
these maladies. The actual presence of play in the 
system has been mentioned before, and it is diffi- 
cult to see why the marvellously direct and precise 
rack and pinion gearbox was not used. Here Ricart 
has succumbed to the temptations of complexity, 
and the car is much the worse for it. The early 
cars had a steering ratio that required four turns 
of the wheel from lock to lock, and this rather 
high figure has since been reduced to 1.6, which, 
with the very small turning circle, should give 
rapid response to the wheel. It is difficult to get an 
authoritative report on the actual handling char- 
acteristics of the car, since most of the so-called 
“road tests” consist of wild rides down Long Island 
byways with Sefior Palacio executing 180 degree 
spins to demonstrate the “stability” of the Pegaso. 
Perhaps it has some of the tricks of the Cunning- 
ham C4R coupe, which would change direction a 
full two seconds after the wheel had been turned. 
Or it may be like the Auto-Union, which would 
change direction without the wheel being touched. 
Whatever it may be, there exists a lack of balance 
at the front end of the car that prevents its full 
potentialities from being realized. 

The racing record of the Pegaso, which will be 
consulted by every prospective purchaser, cannot 
be said to be encouraging. Their first appearance 
was at the aforementioned Monaco G.P., to which 
they brought two very standard-looking berlin- 
ettes, with four-carburetor engines. Jover and 
Palacio were the drivers in this pre-LeMans test, 
and they posted practise times of 55.3 and 54.8 
m.p.h. respectively on this round-the-houses cir- 
cuit. In comparison Stirling Moss in a C-type 
Jaguar and Levegh’s Talbot circulated at 58.6 
m.p.h. and the fastest Ferraris, Aston-Martins and 
Gordinis were all slightly above 58 m.p.h. Two 
Cadillac-Allards put up about the same practise 
times as the Pegasos, and finished last in the race. 
The fastest race lap went to Stagnoli on a 2.8 
Ferrari, at 60.4.m.p.h. Thus they were wise to 
withdraw from this contest, and from the follow- 
ing LeMans classic. During the fall and winter 
they proceeded to develop special sports racing 
versions of the car, and to use superchargers more. 
Palacio achieved some success in Spanish hill- 
climbs with a roadster that strongly resembled 
the much discussed “E] Dominicano” coupe with 
the top removed. Just before the 1953 LeMans 
contest a perfectly fantastic Pegaso was seen on 
test at Monthlery. The engine was conventionally 
placed, but the driver was seated directly ahead 
of the right rear wheel, his head and shoulders en- 
closed in an airplane-style canopy that faired back 
to a fin at the rear. The “passenger’s seat” was a 
hole in the corresponding position on the left hand 
side of the car. Thus the passengers were actually 
occupying the fenders, while the hood simply 
swept back over the engine in a smooth curve to 
the tail of the car. The engine was two-stage 
blown, and there was an air-brake located under- 
neath the car. Such a car would have an absolute 
minimum of frontal area and excellent aerody- 
namics. It seemed to conform to the F.I.A. rules 
defining a sports car, and was destined to appear 
at LeMans, but it was destroyed by an unfortunate 
fire at the factory. Thus the cars appearing for 
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The D. L. Clark Company, manufacturers of the world famous Clark 
Bar, and Clark Brothers Chewing Gum Company, now operate eight 
large Frick refrigerating machines in their Pittsburgh Plants. The first 
of these compressors, installed in 1918, is still in service. Other Frick 
equipment includes condensers, coolers and controls. 

Today, Clark Bars and Clark's Teaberry Gum are famous the world 
over. Frick air conditioning and cold storage systems play a vital part 
in maintaining the quality of all Clark products. 


There's hardly a business that can- 
B not profit from the use of similar 
Frick cooling equipment. 


The Frick Graduate Training 
Course in Refrigeration and Air 
288 Conditioning, operated over 30 
i years, offers a career in a growing 


industry. 


Frick 4-cylinder ammonia compressor 
at D. L. Clark Co., Pittsburgh. Motor 
has 300 hp. 
practise at the Sarthe circuit were the open road- 
sters described above. Spectators early in the pre- 
race week were treated to the sight of a Pegaso 
manned by Jover hurtling full bore past the pits 
and into the following bend, crashing about the 
track before coming to rest on the inside of the 
turn. The other Pegaso was quickly scratched. 
Shortly after LeMans the Cunningham team man- 
ager, Stanley Sedgwick, visited the E.N.A.S.A. 
works and found the Jover car being disassembled, 
as well as some twenty cars and chassis in process 
of assembly in the small shops. Thus there is some 
small production, with most bodywork by special- 
ist coachbuilders. The LeMans prototype shows 
the direction in which Ricart and his crew are 
headed, and it is certain that few uninteresting 

cars will emerge from the Spanish works. 

An examination of the Pegaso has revealed a 
car whose engine has great potentialities, which 
are restrained by an underdeveloped chassis. It 
seems highly likely that the faults of the chassis 
are attributable to the lack of far-reaching labora- 
tory and track tests of the components involved. 
The question of whether or not the Pegaso works 
wants to test these components is not the concern 
of this article. E.N.A.S.A. can continue to regard 
their production as a high-speed touring car and 
attempt to market it on its merits as a pretty 
piece of machinery, but such a car must always 
have claims to some competitive successes, past or 
present, particularly in the Pegaso’s_ strato- 
spheric price range. The racing driver will buy a 
Ferrari; the fast tourer, a Bentley Continental. 
The car must be proven in competition to be of 
any value to anyone. At present it is not even a 
good advertisement for Nationalist Spain. 
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Coming developments in transport—still beyond the horizon—will 
depend very largely upon the new alloys the metallurgists can supply 
the engineer. The laws of thermodynamics dictate higher tempera- 
tures for greater efficiency in engines and, as the addition of Molyb- 
denum to many alloys allows the use of higher temperatures, it will 


certainly be used more and more in the engines of the future. 


Climax furnishes authoritative engineering data on Molybdenum 
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Future of Automatic Controls brings new opportunities for 
engineers and scientists at Honeywell 
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As science advances, and as our coun- 
try continues to develop its industrial 
might, the business of automatic con- 
trol gets bigger and increasingly im- 
portant. 

For the prime force behind the 20th 
century revolution has been and will 
continue to be automatic control. 


So at Honeywell, leader in this field 
for over 60 years, it of course means a 
bigger, more exciting, more cha!leng- 
ing job ahead —all of which adds up to 
greater opportunities for engineers and 
scientists. 

And that’s why we’re always looking 
for men with ideas and ambition to 
grow with us. 


Name 


Address 
City. 


MINNEAPOLIS-HONEYWELL REGULATOR Co. 
Personnel Dept., Minneapolis 8, Minnesota 


Gentlemen: Please send me your booklet,“ Emphasis on 
Research” which tells more about engineering opportu- 
nities at Honeywell. 
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Here at Honeywell one out of ten 
employees is engaged in research and 
engineering activities. 

Shown below is part of our Aero- 
nautical Division’s analog computing 
equipment, which helps our research 
engineers to develop and simulate 
flight tests on automatic controls for 
aircraft. It’s typical of work being done 
by all of the company’s eight divisions 
in plants across the country. 

So if you’re an engineer or scientist 
and like to use your imagination freely 
in such fields as electronics, hydraulics, 
mechanics, chemistry, physics, and a 
wide variety of others, be sure to send 
in the coupon below. 


_State 
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the lesagian theory of gravitation 


By Dr. Hermatilda Klutz 


Professor at the University of Antigonish 


Ever since Newton presented his principle of 
gravitational action at a distance, physicists have 
regarded it as a concrete empirical explanation of 
the mechanical relationship between distant 
bodies. However, many have felt that the nature 
of the attraction is a mysterious why, since it was 
considered most unnatural for one body to affect 
the motion of another body without being in con- 
tact with it, even indirectly. Ninety-six years 
after Newton published his principle, LeSage of 
Geneva published his explanation in the Memoirs 
of the Berlin Academy. 

The ingenious LeSagian Theory of Gravitation 
gave the why of the principle that every particle 
of matter attracts every other particle of mat- 
ter with a force which is directly propor- 
tional to the product of their masses, inversely 
proportional to the square of the distance between 
them, and directed along the straight line joining 
the two particles. LeSage hypothesized the exist- 
ence of corpuscles of ultramundane which are per- 
fectly hard and inelastic, and which travel through 
space in random directions at very high speeds. 
The concentration of the ultramundane in space is 
quite high while the size of each corpuscle is very 
small. Whenever a body exists in space, it acts as 
a partial obstruction to the ultramundane by 
blocking the path of a small percentage of the 
corpuscles and acquiring their momenta. When a 
body is alone in space, the rate of change of 
momentum caused by the collisions between the 
body and corpuscles travelling in all directions (as 
molecules in a gas) is zero. When, however, two 
bodies exist in space, they act as reciprocal shields 
to the ultramundane. In figure 1, two bodies are 
situated in streams of ultramundane whose com- 
ponents are from left to right or from right to 
left. Streams with components not in these direc- 
tions are not considered since there is no recip- 
rocal shielding. It is evident that the transfer of 
momentum from the absorbed corpuscles to the 
bodies results in a force which tends to bring the 
two bodies together. The mutual attraction is 
thus presented, not as a pull, but as a push. 

LeSage further hypthesized that the rate of 
collision between the ultramundane and a body in 
space is proportional to its thickness and density. 
From this he concluded that the attraction be- 
tween that two bodies is directly proportional to 
the product of their masses. That the attraction 
is inversely proportional to the square of the dis- 


Figure | 


tance between them also follows from the original 
hypothesis. This can easily be shown for two 
bodies when the distance between them is large 
compared with their sizes. Consider only the 
attraction between one body and a particle of the 
other. As the distance between the particle and 
the body is doubled, the solid angle subtended by 
the body with a vertex at the particle is quartered. 
There is, therefore, only one quarter as much 
interaction between the ultramundane and the 
body and the particle, and the force between them 
is quartered. See figure 2. As any distance is 
changed by a factor m, the solid angle, and con- 
sequently the attraction, is changed by a factor 
1/m?. 

In figure 3, three spheres are situated with their 
centers of gravity along the same straight line. 
Since the existence of a third body does not show 
any empirical change in the magnitude of the 
force of attraction between any of the two bodies, 
the percentage of the ultramundane colliding with 
the matter of the bodies must be very low. LeSage 
concluded that matter is a sort of a cage work, 
that is, mostly space, and that most of the cor- 
puscles of the ultramundane pass through the 
empty space of the cage work. Indeed, modern 
physics has shown that most of the space in an 
atom is empty of matter. A further conclusion is 
that the corpuscles are many in numbers yet ex- 
tremely small in size. 

It is known that the inverse square law of 
action at a distance applies between such distant 
bodies as the sun and its outermost planets. The 
ultramundane travelling in one direction between 
these distant bodies must therefore not have many 
collisions with the ultramundane travelling in the 
opposite direction, and the mean free path of a 
corpuscle must consequently be astronomically 
large if not infinite. 

Consider a body alone in space and gaining no 
momentum from the ultramundane. Now imagine 
that it is set in motion at a velocity v relative to 
its original velocity. If the velocity of the ultra- 
mundane is V, the ratio of corpuscles striking the 


forward side of the moving body to those striking 
the backward side of the body is y \ . Hence, 


unless V is very large compared with v, the body 
will show an appreciable negative acceleration and 
gradually revert to its original velocity. This 
would be in violation of Newton’s First Law of 





Motion. Therefore, LeSage con- 
cluded, the ultramundane travels 
at a very high speed. In the 
light of modern physics and with 
the aid of the Special Theory of 
Relativity, we can see that it is 
impossible to establish an ether 
of zero velocity toward which 
bedies of other velocities tend, 
but if we hypothesize that the 
ultramundane travels at the 
speed of light, no matter what 
the velocity of a body be relative 
to its original velocity, both sides 
of the body receive the same 
amount of impacts from the 
ultramundane. The corpuscles 
always maintain the same velocity relative to the 
body; that is, they travel at the speed of light. 
Consequently, there is no change in the momen- 
tum of the body, and Newton’s First Law of 
Motion is not violated. 

The LeSagian Theory of Gravitation accounts 
remarkably well for Newton’s principle of action 
at a distance, yet there are numerous flaws in the 
theory which later physicists have tried to elimi- 
nate by modifying or revising the theory. For 
example, the theory violates the Law of Conserva- 
tion of Energy which, when LeSage published his 
theory, was unknown. If the corpuscles of the 
ultramundane are inelastic as LeSage hypothe- 
sized, every bedy in space absorbs energy at a 
measurable rate. As a matter of fact, the rate 
would be so high that the earth would absorb 
enough energy to make it luminous. If, however, 
bodies in space do not absorb any 
energy from the ultramundane, 
the collisions between its cor- 
puscles and matter are com- 
pletely elastic and every colliding 
corpuscle would bounce back in 
the direction from which it came 
with its original velocity. In that 
case, however, the_ reflected 
ultramundane would interact 
with the matter of a body in 
such a manner as to cancel out 
the regular force of attraction. 
In figure 4, consider the simple 
case of two spheres of the same 
size. Suppose that one million 
corpuscles reach each of the spheres from outer 
space every second, and that every second, two 
corpuscles have perfectly elastic collisions with 
each sphere. In one second, one millicn corpuscles 
travelling from right to left enter Sphere II and 
one million minus two leave Sphere II continuing 
in the same direction toward Sphere I. In the 
same second, one million corpuscles travelling 
from left to right enter Sphere I, and one million 
minus two leave Sphere I in the direction of 
Sphere II. Suppose that, in Sphere I, the two col- 


Figure 2 


Figure 3 


Figure 4 


liding corpuscles bounce at points A and B. Then 
to the left of plane a, one million corpuscles are 
travelling in both directions, while between planes 
a and b, one million minus one corpuscles are 
travelling in both directions, and to the right of 
plane b, one million minus two corpuscles are trav- 
elling in both directions. There is, therefore, no 
change in the momentum of Sphere I, and, anal- 
agously, of Sphere II. Collisions between corpu- 
scles traveling from right to left with Sphere I 
and between corpuscles traveling from left to 
right with Sphere II are neglected for simplicity. 
Hypothesizing that the particles are elastic, there- 
fore, leads only to another impossible situation. 
The only alternative left is to assume that the 
bouncing corpuscles do not transmit their ener- 
gies, but, rather, retain them in the form of spin 
and vibration. The kinetic energy of the wultra- 
mundane would become energy of spin and vibra- 
tion, and eventually either an equilibrium between 


aT tm Abe 
\WTENSTY REMAMS FAIRLY COWtTA 
’ fom REGIONS. 


the three forme of energy would be attained or the 
kinetic energy density of the ultramundane would 
continually decrease. As a consequence of the 
second alternative, the universal constant of grav- 
itation would no longer remain a constant, but it 
would vary as a function of time, and the law of 
gravity would gradually be repealed. 

To LeSage’s assumption that the rate of colli- 
sion between the ultramundane and a body in 
space is propcertional to the thickness and density 
of the body, must be added that it is also propor- 





Figure 5 


tional to the intensity of the ultramundane which 
is not necessarily constant. Inside of any body of 
matter, the intensity will be lower by a small 
amount than the intensity out in space far from 
any matter. Let q be the intensity at any point 
in space, q, the intensity at a point in space far 
from any body of matter, o the density per thick- 
ness of unit area, x the thickness of a body, and k, 
a constant. Then: 


dq e-k ,qodx 
q- qe nr 


According to the LeSagian Theory, the force F 
between Bodies A and B in figure 5 is: 
F GoyogXaX_ _ OMaBe 
R? R? 
where G, the constant, turns out to be the uni- 
versal constant of gravitation. If, however, the 
change in the intensity of the ultramundane is 
taken into account, we find the force by treating 
each body in turn. Let y be a function of the 
density, thickness and intensity of ultramundane 
of Body A, and k, another constant. Then: 


dF «  k,qo,dx, 
R2 
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Then operating on body A and calculating 
in the same way, we find the force: 
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Cancelling out the k,’s and ignoring all terms 
containing k, in powers of one or higher because 
k, is very small on the basis of the relationship: 
1 od 
ea = 

d qo dx 
where pe is very smaijl by hypothesis, we find 
that: 4x 


ko 7q 57 n7 RX aXe _ CmaMp 
Re R2 


F > 


Thus, the revised theory presents a law of grav- 
itation which is only an approximation to New- 
ton’s, but, at that, an extremely close one. 

The conclusions that the corpuscles of ultra- 
mundane travel at the speed of light, possess ex- 
tremely high penetrative properties, and have, 
perhaps, an infinite mean free path suggest, 
through analogy, the possibility that the ultra- 
mundane might actually consist of electromag- 
netic waves with wave lengths much shorter than 
those of cosmic rays. Gravity would thus be ex- 


(Continued on page 59) 


Figure 6 
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What in the world 


are silicones? 


These astounding chemicals—born of sand and oil—hate water, 
laugh at heat and cold, and are doing remarkable things for you and industry 


SILICONES are the fabulous offspring of an unusual chem- 
ical marriage between sand and oil. Sand, the basic material 
for glass, gives silicones some of the best features of glass. 
Oil, source of many plastics, gives silicones some of the spe- 
cial qualities that have made plastics so useful to all of us. 


WIPE ON... WIPE OFF— Silicones are the secret of the 
new, long-lasting automobile and furniture polishes that 
you simply wipe on and wipe off. Another silicone forms 
a water-tight bond between tough glass fibers and plastics 
that go into radar domes for airplanes, boat hulls, even 
washing machine parts. 


WHEN APPLIED TO MASONRY WALLS, silicones are at 
their amazing best. A one-way street for water, they keep 
rainwater from penetrating, yet let inside moisture out! 


THEY LAUGH AT HEAT AND COLD — Heat-resistant sili- 
cone insulation protects electric motors at high tempera- 
tures. Yet silicone insulation on jet plane wiring remains 
flexible, even in the brutal cold of the stratosphere. And 


silicone oils and greases withstand both arctic cold and 
tropic heat! 


SILICONES AND THE FUTURE — Even the scientists don’t 
know all the answers about silicones. But they do know 
there is an exciting future ahead for them. The people of 
Union Carbide, who pioneered in many of the special sili- 
cones now used by industry, are helping to bring that future 
closer to all of us. 


STUDENTS and STUDENT ADVISERS: Learn more about the many 
fields in which Union Carbide offers career opportunities. Write for 
the free illustrated booklet “Products and Processes” which de- 
scribes the various activities of UCC in the frelds of ALLOYS, CAR- 
BONS, CHEMICALS, GASES, and Puastics. Ask for booklet G-2. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK 17,N.Y¥. 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 
LINDE Silicones « DYNEL Textile Fibers « BAKELITE, KRENE, and VINYLITE Plastics « PRESTONE and TREK Anti-Freezes 
Prest-O-LrrE Acetylene « LINDE Oxygen « ELECTROMET Alloys and Metals « HAYNES STELLITE Alloys 
SYNTHETIC ORGANIC CHEMICALS ¢ EVEREADY Flashlights and Batteries « NATIONAL Carbons « UNION Carbide « PyRrorax Gas 
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biogeochemistry 


Biology and Chemistry Combine with Geology to Find Ore 


By Herb Jacobson, '54 


The pick and shovel prospector is rapidly being 
replaced by more scientific methods of finding 
economically valuable ore deposits. Geologists now 
have many tools at their disposal that help them 
find exploitable ore deposits. Geophysical meth- 
ods such as measurement of distortions in the 
earth’s magnetic and gravitational fields have 
occasionally been used in searching for ore de- 
posits. These methods, however, give littie indi- 
sation of what kind of ore is buried below the 
surface and their usefulness is therefore limited. 

An innovation of the last few years enables the 
geologist to find buried ore bodies and to know 
which elements are most abundant. This is the 
new science of biogeochemistry. As the name 
implies, the knowledge of three sciences are com- 
bined in such a way as to create a method that 
has already been proven successful in locating 
previously undiscovered concentrations of ore. 
The biogeochemical method is applied where the 
surface is covered by thick layers of soil, gravel 
or glacial debris, making it almost impossible to 
obtain any information about the rocks and min- 


erals underneath by standard methods. 

The new method is based on the fact that traces 
of some elements are frequently found near the 
earth’s surface if there is an ore body buried at 
a shallow depth. These traces could have reached 
the surface at the time of the ore deposit’s forma- 
tion or later by means of circulating ground water. 
The minute amounts of elements thus reaching 
the surface are later absorbed by plants growing 
in that particular area. 

A knowledge of biology is needed to determine 
how the elements are absorbed by the plant, which 
elements are absorbed most quickly, and what 
portions of the plant receive the greatest concen- 
trations of these elements. The plants serve to 
partly concentrate the elements in the soil. The 
concentrations of the elements in the plants are 
measured by chemical analysis. This is done by 
first burning the leaves or other parts of the plant 
to an ash, and then determining its mineral con- 
tent. When samples are taken of several plants 
over a wide area, soil zones can be found that are 
rich in certain elements indicating the possible 


Figs. 2 and 3. The Wentworth Area is one where the elements in the subsurface ore bodies and the outlines of these bodies were well known. 


Biogeochemical maps of the area show effective correlation of trace 
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existence of an ore deposit underneath. 

In its present form biogeochemical prospecting 
for ores has four distinct phases: 

1. Collection of plant samples. 

2. Chemical analysis of plant samples. 

3. Placement of the obtained data on a map. 

4. Geological interpretation of the map. 

The collection of plant samples suitable for 
analysis and likely to give significant results in- 
volves many variable factors that must be con- 
sidered. For instance, which part of the plant has 
a mineral content that best reflects that of the 
soil? (It has been found that young twigs from 
one to three years old contain a high concentra- 
tion of elements present in the soil.) To eliminate 
variations in the mineral content of the plants 
caused by differences in drainage, pH of soil, and 
type of overburden, several different plants are 
used in sampling. Common trees such as hemlock, 
pine, spruce, cedar, maple and birch have been 
utilized. The choice of plants for sampling de- 
pends on what element is being sought, on the 
terrain, climate, plant abundance, etc. The spac- 
ing of the samples is, of course, different for each 
survey, but generally samples are taken at inter- 
vals of 100 to 300 feet. Obviously, sampling de- 
pends on many variable factors that can not be 
accurately measured thus limiting the accuracy of 
this phase of biogeochemical prospecting. 

The rather large possible margin of error in the 
collection of samples is compensated by compara- 
tively accurate methods of chemical analysis. Two 
fast and sufficiently precise methods are now in 
use to detect small amounts of certain elements 
present in the ash of the plant samples. The 
chemical tests, however, cannot be applied to the 


Primary geochemical 
anornaly at surface 


Ore-solution 
channelways 


Fig. 1. This idealized diagram illustrates how a large concentration 
of an element on the surface can indicate the presence of an 
orebody below. 


samples before the organic matter has been re- 
moved. 

The simplest analytical method utilizes a kind 
of heavy metal indicator known as dithizone 
(diphenylthiocarbazone). This indicator can be 
used when testing for silver, copper, zinc, co- 


Figs. 4 and 5. These two maps of the Wentworth Area illustrate that tin and cobalt distributions on the surface do not always correspond 
to the ore bodies underneath. Therefore, in its present form biogeochemical prospecting cannot yet be used in searching for all metals. 
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| The Importance of 
| Electrical Conductors 


in the ability to transmit electricity, all 
forms of matter may be divided into 
two general classes, namely, conductors 
and insulators. Conductors permit elec- 
tric current to flow readily; that is, 
they offer little resistance to its flow, 
whereas, insulators offer relatively great 
resistance to the flow of electricity. All 
substances at normal temperatures of- 
fer some resistance to the flow of 
electric current. In general, the metals 
are good conductors, while glass, 
oil and most organic substances are 
classed as insulators. Although silver 
offers the lowest resistance to the flow 
of electricity of the common metals, its 
cost is such that it is not widely used as 
a conductor. The conductors most gen- 
erally used in the cable industry are 
made of copper or aluminum. 

The manner in which electricity flows 
through elementary material may be 
readily visualized from the modern con- 
cepts of the structure of matter. Ac- 
cording to these concepts all elements 
are made up of minute indivisible part- 
icles called atoms. These in turn are 
composed of a positively charged nu- 
cleus around which one or more very 
small negatively charged particles, 
called electrons, rotate at high velocity. 
In conductors, some of these electrons 
are free to move when only a small dif- 
ference .of potential is applied to the 


ends of the conductor and, since they 
are negatively charged, they flow to the 
positively charged end. This movement 
of electrons is electric current. 


In passing through conductors, the elec- 
trons must pass through the electron 
fields of many atoms. They thus collide 
with the atomic nuclei-and other elec- 
trons. These collisions obstruct the flow 
of electrons and result in electrical re- 
sistance. 

The resistance of a homogeneous 
conductor of uniform cross-sectional 
area varies directly as its length and 
inversely as its cross-section, the length 
being in the direction of current flow. 
That is, R=pL/A where, R is the re- 
sistance in ohms, L is the length in the 
direction of current flow, A is the area 
perpendicular to the length and » is a 
constant of the particular material 
known as its specific resistivity. When 
the length and area are expressed in the 
same units such as L = one inch and 
A = one square inch, R = p X 1/1 or 
R = », the specific resistance of the ma- 
terial in ohms per inch cube, 

The length and area of a conductor 
are generally expressed in other units 
than inches. The most commonly used 
unit of cross-sectional area used in the 
cable industry is the circular mil, usu- 
ally designated as cir. mil or CM. This 
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is the area of a circle whose diameter is 
one mil, 0.001 inch. The area of a cir- 
cular mil is */4 or 0.7854 of a square 
mil. The unit of length usually associ- 
ated with this unit is the foot and the 
resistance becomes ohms per CM-foot. 
The resistance of annealed copper and 
aluminum per circular mil-foot at 20C 
are 10.371 and 17.011 ohms respec- 
tively. The resistance of a copper con- 
ductor 64 mils in diameter and one foot 
Jong thus becomes 10.371 + 64? or 
0.00253 ohms. 


The sizes of electrical conductors are ex- 
pressed in the United States in terms of 
the American Wire Gauge. This was 
originally set up on the basis of a geo- 
metrical progression of 39 steps or sizes 
between a wire 460 mils in diameter 
(Size 4/0) and a wire 5 mils in diameter 
(Size 36). The ratio of the diameter of 
a wire to that of the next larger size in 
this series is 39 V460/5 =1.12293. This 
ratio has since been used to extend the 
American Wire Gauge (AWG) to sizes 
smaller than 36 AWG (5 mils). The 
sizes of conductors larger than 4/0 are 
expressed in circular mil area. The size 
of a conductor made up of a number of 
wires is determined from the sum of 
the circular mil areas of the individual 
wires. 

When current flows through a con- 
ductor there is, according to Ohm’s law, 
a voltage drop of E = IR, where E is in 
volts, I is in amperes and R is in ohms 
along the conductor and power equal to 
EI watts is converted to heat. Since 
E=IR, this power converted to heat be- 
comes I?7R watts. These two factors, 
voltage drop and conductor heating, are 
of prime importance in the design of 


conductors. Conductors must be suffi- 
ciently large in cross-sectional area, 
that is, must have sufficient low resist- 
ance that the voltage drop does not be- 
come excessive. In good design this 
voltage drop should not exceed 3 per 
cent for power circuits or 1 per cent for 
lighting circuits. The conductors should 
also be large enough that their tempe- 
rature does not exceed that for which 
their insulation is designed. This is re- 
ferred to as the current carrying capac- 
ity of conductors. The current carrying 
capacities of the various sizes of con- 
ductors, conductor insulations and in- 
stallation conditions have been estab- 
lished. It should be noted that the 
temperature attained by a conductor 
depends not only on the amount of heat 
generated but also on the thermal resist- 
ance of its surroundings. 


In addition to providing satisfactory 
voltage drop and current carrying ca- 
pacity, conductors must be designed to 
provide adequate flexibility during in- 
stallation and service. This is accom- 
plished by building up the conductor 
from one or more adequately small 
wires depending on the flexibility re- 
quired. For example, the conductor for 
heater cord or welding cable which is 
subject to repeated flexing in service is 
usually made up of copper strands hav- 
ing a diameter of .005” or .0063” while 
the conductor for overhead weather- 
proof cable may be a single wire. 


For reprints of these pages write to 
address below. 


Electrical Wire and Cable Department 
Rockefeller Center - New York 20, N. Y. 
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What's Happening at CRUCIBLE 


about Alnico Permanent Magnets 


You will find Crucible Alnico Permanent Magnets in 
products ranging all the way from cuff links to mag- 
natrons. Here are just a few unusual applications in 
which these magnets were used to simplify or improve 
a product. 


This is Warren, age 4, a cerebral palsied youngster, using magnetic 
toys in therapy-play. 


The Children’s Rehabilitation Institute has pioneered 
techniques to help these handicapped children gain 
maximum muscular control and coordination. Expe- 
rience at the Institute has shown that the use of mag- 
netized toys helps develop coordination in hand and 
arm use, and in grasping and releasing. 


Cuff Links One manufacturer of cuff links had 
a happy idea. He replaced the stem with 
a magnet assembly designed by Crucible 
magnet engineers. The tiny, powerful 
aspirin-sized magnets used, gave the fin- 
ished product a holding force at the pole 
plate as high as 80 ounces troy. 


Enlarged cross section view of one cuff link. 


Telescriber- Recorder in one application, 
for this instrument that transmits 
written messages over wire, two 
permanent magnets were being 


ry ne used to match the electromagnetic 
hes! fields. Assembly time and unit 
costs were high. Crucible magnet 


Magnetic Toys Cerebral palsied youngsters at the 
Children’s Rehabilitation Institute, Cockeysville, Mary- 
land, are unable to play with normal toys. Their lack of 


muscular coordination and control, causes ordinary blocks 
or toys to slip through their grasp and fall to the floor. 
Crucible helped overcome this problem by imbedding 
small permanent magnets in the toys. By using these 
magnet-equipped toys on metal topped tables, the children 


are able to control them much more easily. 


Top bar Crucible specialists designed one perma- 
Alnico; lower bar 
(replacing former 
2nd magnet) pro- two. Magnet costs were cut 50% 
vides return path. 


nent Alnico magnet to replace the 


..and efficiency of the unit was 
increased. 


Engineering Service Available 
Perhaps your magnet problems are entirely different 
from these. Whatever they may be, our staff of mag- 
net and electronic engineers will be glad to tackle 
them, and to work with you in meeting your magnet 
requirements. Don’t hesitate to call us when you have 
an application for permanent magnets. 


first name in special purpose steels 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


Midland Works, Midiand, Pa. ° Spaulding Works, Harrison, N. J. + Park Works, Pittsburgh, Pa. . Spring Works, Pittsburgh, Pa. 
National Drawn Works, East Liverpool, Ohio « Sanderson-Haicomb Works, Syracuse, N. Y. e Trent Tube Company, East Troy, Wisconsin 
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HOW TO DESIGN 
FOR LOWER 
STRUCTURAL COSTS 


ITH today’s accent on cost, 

there is a promising future for 
the designer who can simplify struc- 
tural designs to save steel and con- 
struction manhours. Such savings are 
being realized every day by the use 
of arc welding instead of riveting 
in the construction of all types of 
industrial plants, multi-story build- 
ings and bridges. By eliminating 
rivets and taking advantage of rigid 
framing and continuous beam con- 
struction, welded designs help to 
offset the rising costs in labor and 
materials. 

Shown below is a typical example 
of how full structural continuity 
achieved through arc welding effect- 
ed savings of $22,000 in the con- 
struction of an 87,000 square foot 
process warehouse. Arc welding 
actually has saved 1.68 pounds of 
steel per square foot. At $0.15 per 
pound for fabricated steel, the sav- 
ing amounts to $22,000 over the 
cost of steel alone had riveted design 
been used. 

In spite of the rapid progress 
made in the construction field by 
the welding industry, new develop- 
ments are taking place every day 
which are of prime importance to 
the structural engineering graduate. 
Latest information on welded struc- 
tural designs is available in hand- 
books and bulletins simply by writ- 
ing to The Lincoln Electric Com- 
pany, Cleveland 17, Ohio. 


Fig. 1. Process warehouse for the Hale- 
Halsell Grocery Co., Tulsa, Oklahoma. Size 
250’ x 350’ with 16' clear height. Contrac- 
tor: Tulsa Rig and Reel and Manufacturing 
Co. Consulting Engineer: David R. Graham 
& Associates, Tulsa, Oklahoma. 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER 
OF ARC WELDING EQUIPMENT 
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Fafnir Precision Instrument 
Bearings for an Automatic 
Pilot and Approach Coupler 


JET STYLE | 
\ 


The handful of Fafnir Ball Bearings dependability are vital to the instrument 
illustrated, help to assure the success of system’s design and performance. Fafnir 
an amazingly ingenious, 36 1b. Automa- Extra-Small Ball Bearings for extremely 
tic Pilot and Approach Coupler for jet small shafts are available in various con- 
planes. These instrument bearings, 22 structions and tolerances to meet exact- 
in all, weigh less than 4 ounces. Their ing requirements. The Fafnir Bearing 
compactness, extreme sensitivity and Company, New Britain, Conn. 


FAFNIR 


BALL BEARINGS 


Most Complete Line in America 


balt, manganese and other heavy metals. Before a test is made with 
the dithizone indicator, the element being tested is separated from 
the plant ash by any convenient chemical extraction process. The 
separated element, for instance copper, when allowed to react with 
a dithizone solution shows a distinctive blue color, The intensity of 
the coloring when compared by eye with solutions containing known 
amounts of copper will give the concentration of the copper within 
five per cent. The concentrations are measured in parts per million 
(ppm), an indication of the extreme sensitivity of the dithizone 
indicator. 

Another analytical technique is spectrochemical analysis. It is 
more accurate than the dithizone method, but slower and less con- 
venient. Since extreme accuracy is not important in the biogeo- 
chemical method, spectrochemistry has been little used up to now 
but it may find increased application as the accuracy of the entire 
method increases. 

The data obtained from plant samples and their chemical 
analysis, when plotted on a map of the area being explored, results 
in what is known as an anomaly map. A map of this kind shows 
the above normal concentrations of an element in the soil. This 
usually indicates that an ore deposit lies under the anomaly. Since 
an ore body does not necessarily lie under a point where a large 
concentration of an element is present in the soil, the anomaly map 
requires interpretation. The geological interpretation of this map 
is based on past experience with kiogecchemical surveys and on any 
geological data that may be available. The additional information 
may be obtained from aerail photographs, geophysical surveys, or 
nearby areas where the geology is already known. 

As can readily be seen, the biogeochemical method of prospect- 
ing has several limitations. The greatest limitation is imposed by 
unmeasured factors controlling the concentration of the elements 
in the soil and in the plants. As the method is perfected, more and 
more of these factors such as rainfall, drainage, and pH of soil will 


be taken into consideration. (Continued on page 59) 
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How to carry a floor charger’s 
12-ton overhung load 


This floor charger charges and levels 12 tons ata 
crack in open hearth furnaces. The 12-ton over- 
hung load and the terrific shock loads set up by 
the charging operation are carried by the peel 
shaft bearings. To take these loads and to keep 
the charger in top operating shape, design en- 
gineers specify Timken® tapered roller bearings. 


Line contact gives TIMKEN’ bearings 
extra load-carrying capacity 


In Timken bearings, the load is carried on a line of contact 
between the rollers and races instead of being concentrated 
at a single point. Rollers and races are case-carburized to give 
a hard, wear-resistant surface over a tough, shock-resistant 
core. And to be sure of getting the highest quality bearing 
steel, the Timken Company makes its own. 


Want to learn more about 
bearings or job opportunities? 


Many of the engineering problems you'll face after 
graduation will involve bearing applications. For 
help in learning more about 
bearings, write for the 270- page 
General Information Manual on 
Timken bearings. And for infor- 
mation about the excellent job 
opportunities at the Timken Com- 
pany, write for a copy of “This Is 
Timken”. The Timken Roller 
Bearing Company, Canton6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER a> 
BEARING TAKES RADIAL é) AND THRUST -@~ LOADS OR ANY COMBINATION WC 
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Out of the dark... 


In a few swiftly moving years, 
television magic has brightened 
nearly 23,500,000 homes. Lead- 
ing all the way is RCA... 


Pioneering in electronics, build- 
ing powerful transmitters, sup- 
plying vital equipment to studios 
and stations, programming the 
finest in entertainment, news and 
education, building radio and TV 
sets that most people want. . . 
So what do you see? You see the 
great new line of RCA Victor tele- 
vision with Rotomatic Tuning: 
The sharpest, clearest pictures on 
record at the click of a dial. You 
see through NBC—a service of 


RCA—today’s top television pro- 
grams, with a fabulous new line- 
up starting this Fall. That’s why 
—from yesterday’s darkness to 
the brilliance of today—it’s RCA 
all the way! 


CONTINUE YOUR EDUCATION 
WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
— offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

® Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations ). 

@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

@ Design of component parts such as 
coils, loudspeakers, capacitors. 

@ Development and design of new re- 
cording and producing methods. 

® Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 


* RADIO CORPORATION OF AMERICA 


World leader in radio — first in television 
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Through the use of industrial television, Pratt 
& Whitney Aircraft engineers can now watch 
what happens as big jet engines are run under 
abnormal conditions. Without personal hazard, 
they can see inside the test cell from any loca- 
tion in the plant. 

On their television screens they can observe 
the action of linkages, controls and other parts. 
Even infra-red characteristics not visible to the 
human eye can be studied. 

But to do this, many technical problems had 
to be solved. For instance, commercial equip- 
ment had to be modified in many ways to 
operate under abnormal temperatures and in 
hazardous atmospheres. Soon a further develop- 
ment will permit remote traversing of the 
camera and adjustment of lenses. 

This typifies the way in which new engineer- 
ing and research facilities are constantly made 
available to Pratt & Whitney Aircraft engineers. 
Here engineers are encouraged to experiment 
with new ideas — given an opportunity to do 
real engineering. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


EAST HARTFORD 8, CONNECTICUT 


‘ - 
- 
- 
- 
) . 
-* 


At the Control Desk — or else- 
where in the plant — observers 
can watch what is happening in- 
side the test cell. 


Television cameras are 
easily pre-focused on 
parts formerly impossible 
to see during a test run. 


If you are interested in our employ- 
ment opportunities for engineers, 
contact your College Placement Officer 
or write directly to Mr. Frank W. 
Powers, Engineering Department, 
Pratt & Whitney Aircraft, East Hart- 
ford, Conn. 
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By John Avery, '54 


I have always rebelled against learning how to 
spell. Whenever anyone objects to my own origi- 
nal arrangement of letters in a word, I shout 
that I will some day have a secretary to take care 
of such matters. To further justify this point of 
view, I have always claimed that the letters 
which go to make up words have no meaning in 
themselves, and therefore the public school sys- 
tem has no right to force young people to learn 
them. 

The logical thing is for everyone who shares 
this dim view of spelling (1 assume that this in- 
cludes most people) to get together and invent a 
language in which each letter is crammed with 
meaning, and therefore easily learned. Inventing 
a language from scratch gives us the right to 
choose our vocabulary in any way that we please. 
Let us build our language in such a way that two 
words which mean nearly the same thing will be 
spelled nearly alike. All nouns will begin with 
the same letter; all vegetable nouns with the 
same first two letters; all names of trees with the 
same first three letters, each consecutive letter 
defining a progressively more narrow class of 
objects. Listed below is a partial vocabulary : 


FIRST LETTER 
a—noun 
e—ad jective 
oo. THIRD LETTER 
u—preposition or conjunction 


following um, un, or ur 


a—forward 


ollowing am 
f g e—backward 


k—interjection 


SECOND LETTER 

following a 
m—vegetable 
n—animal 
r—mineral 
]—abstract 
b—man-made 

following e or o 
m—sensory 
n—articles 
r—categorical 
l—physically limiting 


following i 
m—motior- 
n—sensation 
r—function 
]—existence 


following u 
m—position 
n—direction to 
r—direction from 
]—conjunction 
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a—tree 
e—parasites 
i—food 
o—flower 
u—processed 


following an 


a—mammals 
e—reptiles 
i—insects 
o—fish 
u—birds 
k—processed 
t—microscopic 


following ar 


a—solid 
e—liquid 
i—gas 
o—mixture 


following al 


a—moral and emotional 
e—phenomenal 
i—organizational 
o—conceptual 


i—right 
o—left 
u—up 
k—down 
t—other 


following em or om 
a—eye 
e—ear 
i—nose 
o—taste 
u—touch 
k—emotions 


following ab 
a—machine 
e—edifice 
i—commodity 
o—article 
u—other 


following er or or 
a—moral 
e—phenomenal 
i—organizational 
o—conceptual 





CHEMICAL PROBLEM... 


... paper that absorbs the max- 
imum amount of moisture without 
falling apart. 


SOLUTION... 


... Kymene®, a series of wet- 
strength resins produced by Her- 
cules for paper makers. Kymene- 
treated paper hasexcellent absorb- 
ency and wet-strength. Manufac- 
turers, for example, find that the 
use of Kymene produces a vastly 
improved paper towel at remark- 
ably little extra cost. 


COLLEGE MEN... 


This is but one example of the 
far-reaching chemical develop- 
ments in which you could partici- 
pate at Hercules—in research, 
production, sales, or staff opera- 
tions. It suggests the ways Her- 
cules’ products serve an ever- 
broadening range of industries 
and end-uses. 


Hercules’ business is solving problems by chemistry for industry... 


. . . plastics, paint, varnish, lacquer, textiles, paper, rubber, insecticides, adhesives, soaps, detergents, 
to name a few, use Hercules® synthetic resins, cellulose products, chemical cotton, terpene chem- 
icals, rosin and rosin derivatives, chlorinated products and other chemical processing materials. 
Hercules® explosives serve mining, quarrying, construction, seismograph projects everywhere. 


HERCULES POWDER COMPANY Wilmington 99, Delaware 


| HE R C: ULE S Sales Offices in Principal Cities 
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following el or ol 
a—size 
e—weight 
i—shape 
o—appearance 
u—other 
following im, in, ir or il 
a—first person singular 
e—second person singular 
i—third person singular 
o—first person plural 
u—third person plural 
following ul 
a—and 
e—but 
i—because 
o—therefore 
FOURTH LETTER 
following ami 
m—fruit 
n—vegetable 
r—cereal 
]—other 
following amu 
m—wood 
n—paper 
r—fabric 
]—chemical 
b—other 
following ana 
m—man 
n—wild 
r—domestic 
following ank 
a—food 
e—fabric 
i—leather 
o—chemical 
u—other 
following ala 
m—words which imply approval 
n—words which imply disapproval 

Only the first three letters are defined. A vo- 
cabulary which defined the first seven or eight 
letters could include every shade of meaning of 
all words in the English language. 

The steps taken in choosing ele as the first 
three letters of any physically limiting adjective 
having to do with weight are indicated in the 
above table. When we assign a fourth letter, it 
will differentiate between the different degrees 
of weight. For instance, elem might mean heavy, 
and elen might mean light. Notice that olen 
would then mean lightly. 

There are two important advantages to this 
kind of language which I have not yet men- 
tioned, First, one does not have to know the ex- 
act meaning of a word in order to know its ap- 
proximate meaning. Secondly, the associations 
and categories intrinsic to the language are 
roughly parallel to those which must be formed 
by the synapses of the human mind. I believe 
that a language based on the principles outlined 
above could be learned more easily. Furthermore, 
it is easily adapted to the binomial system used 
in electro-mechanical storage devices. 

If it is true that ease of learning is the great- 
est to this system, it is equally true that difficulty 
of use is its greatest disadvantage. A misprint 
(substitution, inversion or omission), especially 
at the beginning of the word completely alters 
the meaning of the word. 
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for your added convenience... 
a handy new package for 


HIGGINS pen cLeaner 


It would be difficult indeed to improve on the popular 
cleaner which makes all your pens and instruments better 
than new ... but we now make it even easier for you to use! 


A plastic strainer in each 6 oz. Simply lift strainer to retrieve 
jor invites you to drop instru- thoroughly cleansed instruments 
ments and parts unconcernedly without soiling fingers and with- 
in cleaner. out clumsy fishing in jar. 


ODORLESS 
NON-INFLAMMABLE 
NON-VOLATILE * HARMLESS TO HANDS, 
CLOTHING, PENS AND INSTRUMENTS 


HIGGINS INK CO., INC., sacontyn, NEW yoas 


/n the development of a new jet engine, 


difficulty was encountered due to the intense heats. 
Since the engine generated temperatures as high as 
400°F., even usual heat-resistant insulations on the 
ignition wires would not stand up. 

Okonite researchers were consulted on the problem. 
Their investigations led them to recommend Okotherm, 
an insulation of remarkable heat-resisting qualities, 
made by Okonite. Okotherm retains its dielectric 
strength over an extremely wide range of temperatures, 
and was consequently the first electrical cable to gain 
approval for the new engine. 


Tough jobs are the true test of electri- 
cal cable... and installations on such 
jobs usually turn out to be Okonite, 


+] oe i T € Fen insulated wires and cables 
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energy for life 


Photosynthesis: key to synthetic food? 


By Emmanuel P. Papadakis, '56 


Since photosynthesis is of great importance to 
human life, it is both interesting academically 
and important practically to ask,‘ What is photo- 
synthesis?” “How does it work?” “Can we dupli- 
cate the process synthetically ?” 

For centuries men have been delving into nat- 
ural philosophy to find answers to the questions 
of life and the universe, but only relatively re- 
cently have they been able to arrive at any use- 
ful conclusions about the material problems con- 
fronting them. A great progressive step will b> 
taken when man no longer needs to rely on cul- 
tivated greenery to supply him with his food. 
This step will come only after men have been 
able to reproduce the process of photosynthesis 
without the help of any living organism. Much 
research with this end in view has been done al- 
ready, and much more is in progress. 

Historically, the world did not renounce the 
Aristotelian dictum that all plant nutrients came 
from the soil until von Helmont (1577-1644) 
showed in his classic experiment that a five- 
pound willow tree gained 164 pounds while the 
soil it was planted in lost only two ounces. Later 
work by Malpighi showed that leaves were nec- 
essary to plant growth. Hales (1677-1721) 
showed that part of the nourishment of the plant 
comes from the atmosphere through the leaves. 
Hales was probably the first to suggest that light 
affected plant growth, although he was not sure 
about the matter. Priestly and Scheele both did 
work on the subject and arrived at conflicting 
conclusions; the former found that plants took up 


“phlogisticated air’? and gave off good “dephlo- 
gisticated air’? (since Lavoisier had not yet dis- 
proved the phlogiston theory of combustion). 
Scheele found exactly the opposite result. The 
contradiction was resolved masterfully by Ingen- 
Houz by his experiments showing that plants 
give off what we know as oxygen during daylight 
and carbon dioxide at night, that only leaves do 
this, and that excess CO. concentration is poison- 
ous even to planis. He also found that the rate 
at which oxygen was given off was related to the 
intensity of visible light and the concentration of 
CO.. Soon after 1800 interest in the process of 
photosynthesis waned because of a shift of in- 
terest to work on classifying all the species of 
plants under Linnaeus’s system. More recently 
interest in photosynthesis has been revived. 

It is known that four constituents are neces- 
sary in order that photosynthesis may proceed; 
they are 1) light from the visible spectrum, 2) 
carbon dioxide from the air, 3) water, and 4) 
the green plant in which the process is carried 
out. It is convenient to postulate that the hexose 
form of sugar, C,,H,.O,, is the main end product, 
and that other forms of sugar are made from it 
later by the plant. From the sugars are made 
starch, cellulose, and protein (with the assimila- 
tion of nitrogen), all of which are necessary for 
plant and animal life. The exact nature of the 
process by which the carbon dioxide and water 
are converted into hexose is still unknown, but 
from evidence gathered in recent research it 
seems that the main reaction may be written as 


industrial 
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—The carbon cycle. CO, is removed from the air by photosynthetic 
plants, and largely returned by the microscopic plants responsible for decay. 
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follows: ny 
600, + 12H,0 ——>C,H,,0, + 6H,0 +60, (a) 


The twelve waters appear necessary from ex- 
perimental data, although it is not definitely 
known whether the twelve are used and six re- 
covered, or only six used as was earlier postu- 
lated. To fit the following theory, however, 
twelve are needed. 

The hy represents quanta of light energy from 
the visible spectrum; i. e., wavelengths of from 
4000 to 7000 Angstroms. It is known that 6000 
A. is fully capable of actuating photosynthesis. 
From considerations of the heat of combustion 
of glucose and the energy carried by a quantum 
of light at 6000 A., there should be at least three 
quanta needed to convert one molecule of carbon 
dioxide to one CH.O (formaldehyde). Because of 
the possibility of wasted energy and further con- 
siderations, the minimum number of quanta nec- 
essary is held to be four. From equation (a) it 
can be seen that four atoms of hydrogen are en- 
gaged for every atom of carbon in the reaction; 
one C+ 4 in CO. is reduced to C° in CH.O. This 
supports the conclusion that four quanta are neces- 
sary. It seems that the 60. on the right side 
of equation (a) come from 12H.0 on the left side, 
and that the six oxygens in the remaining water 
on the right side come from the 6CO.. These con- 
clusions are supported by the fact that hydrogen 
gas serves as well as water to supply the hydro- 
gen for reducing the carbon, giving the equation: 

hv 
600, + 12 H, ——> C,H, ,0, + 6H,,0 

In equation (a) the following steps might take 
place: 

Four quanta of light might split 2H.O into 
4H° and O.°. Then 


4H° +00, = C° + 4H+20 = ai,0 + H,0 


The reaction should go in four steps, one quan- 
tum transferring one H at a time. Thus several 
intermediate products would be formed and the 
reaction might be reversed if the conditions were 
right. 

We have said that four quanta are necessary 
to convert each carbon in carbon dioxide to 
CH.O, giving a quantum efficiency of 0.25 atoms 
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—Effect of change in light intensity on the rate of photosynthesis of 
Fontinalis with different concentrations of carbon dioxide. (From Harder.) 
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PHOTO - 
SYNTHESIS 1% 


—What happens to solar radiation incident on a chlurophyllous leaf. The 
values indicated give approximate disposal uf the energy; the ratio varies with 
changes in external conditions. 


quantum. It has been found by experiment, how- 
ever, that the efficiency under optimum condi- 
tions is about 0.10 or 0.125 showing that a mini- 
mum of two quanta are needed in conjunction 
with each transfer of hydrogen. Since it is known 
that the process of photosynthesis occurs only 
within the chloroplasts, or integral parts of the 
leaf cells containing chlorophyll, the hythepothe- 
sis follows that one quantum might be used to 
transfer the hydrogen to the chlorophyll as a 
“middle man” or catalytic agent, and a second 
quantum to transfer the hydrogen to the CO. 
molecule. It is thought that the chlorophyll ab- 
sorbs the radiant energy and uses its raised en- 
ergy level to remove the hydrogen from the wa- 
ter (or from the H. molecule if the gas is used) 
and then uses the rise in energy from the second 
quantum to deposit the hydrogen with the CO., 
reducing the carbon. Finally the six-carbon 
string of glucose is formed. 

The foregoing is essentially the theory of the 
process of photosynthesis as it stands today. Ob- 
viously much more work must be done on the 
subject before man can bypass plants in making 
food for himself. 
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—The rate of photosynthesis at different concentrations of carbon dioxide. 
The ordinate represents the rate of —— the abscissa the concentra- 
tion of carbon dioxide. (Constructed from values given by Warburg.) 





William R. Parlett, Cornell 48, Sets Sights 


On Executive ' 


BILL PARLETT has learned that 
helpful engineering suggestions 
promote good customer relations, 


“Within the next ten years”’, says William R. Parlett, young 
Worthington Sales Engineer, “many of the officers of the 
corporation, district office sales managers and top salesmen 
will be retired. 

“Appreciating the fact that someone must fill these jobs, 
our management is striving to develop capable leadership 
among the younger men of the corporation. 

“As a prospective Worthington Sales Engineer, I received 
several months of classroom instruction by works managers, 
top sales personnel and application engineers at all of the 
Worthington plants. The background I obtained was a sound 
basis for further development and learning gained in one of 


FOR ADDITIONAL INFORMATION, sce your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N. J. 


Sales Job 


the product sales divisions and then in a district sales office. 
After obtaining sufficient product knowledge and sales training, 
I was ready to sell directly to industry. As more important 
sales assignments are available, I feel I will progress in propor- 
tion to my own development and sales performance. 

“As a Worthington salesman I contact a class of trade with 
which it is a pleasure to do business. The company’s reputation 
is a key to a welcome reception by my customers. 

“T have found that with Worthington you have job satisfac- 
tion, adequate compensation, and unlimited opportunity.” 

When you're thinking of a good job, think Aigh—think 
Worthington. 34 
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AIR MUSCLE... 


Properly compressed and coupled to this drilling 
tool, air packs a rock-busting wallop. How differ- 
ent from the days when men slung sledges, and 
even cracking pavement was a slow, tortuous task 

. . as were many other manual jobs in industry. 


MIND OVER MUSCLE... 


When men of science learned how to put a cyclone 
in a cylinder, pneumatic tools and compressed air 
became salient servants in saving men’s muscles 
and industry’s time. 

In its more than two hundred applications com- 
pressed air cleans, sprays, operates machines for 
hoisting, hauling, hammering, drilling, cutting, 
grinding, blowing, pumping. Applied in free or en- 
closed action this versatile, conveniently-convey- 
able power agent may be found at work in mines 
and mills, on highways and skyways, on and under 
the water, in production and processing. 


AMERICA WORKS LIKE THAT... 


Uniquely so. For here, every art, every science, 


every branch of engineering work together for the 
good of all. And the power behind their progress 
is America’s all-seeing, all-hearing and reporting 
Inter-Communications System. 


THE AMERICAN INTER-COM SYSTEM... 


Complete communication is the function, the 
unique contribution of the American business 
press ...a great group of specially edited maga- 
zines devoted to the specialized work areas of men 
who want to manage better, design better, manufac- 
ture better, research better, sell better, buy better. 


COMMUNICATION IS OUR BUSINESS... 


Many of the textbooks in which you are now study- 
ing the fundamentals of your specialty bear the 
McGraw-Hill imprint. For McGraw-Hill is the 
world’s largest publisher of scientific and tech- 
nical works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill’s many business maga- 
zines will provide current information that will 
help you in your job. 


McGRAW-HILL PUBLISHING COMPANY, INC. 


ABD 330 WEST 42nd STREET, NEW YORK 36, N. Y. 


HEADQUARTERS FOR TECHWICAL AND BUSINESS INFORMATION 
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By Tom Cantrell, '55 


Introduction 


The most prominent feature in any oil refinery 
skyline is the towering “cat” crackers. In this 
article we suall try to develop just what these 
units are, what they do and why they are so im- 
portant. 

To begin with, the refining processes used be- 
fore the advent cf catalytic cracking must be re- 
viewed. Crude oil is a mixture of hydro carbons 
of organic origin. The different compounds may 
be separated by selective distillation. This is a 
quite highly developed process called Fractional 
Distillation, which separates the crude into gaso- 
line, kerosene, gas oil, and residual oil. However, 
the amount of gasoline which can be obtained 
from a barrel of a given crude is limited by the 
amount of gasoline the crude contains. This 
doesn’t sound like a very profound statement, but 
it has very profound economic implications. For 
every barrel of gascline obtained from a crude, 
there may be two of black fuel-oil. While the one 
barrel of gasoline might be easy to sell, it might 
be much harder to sell twice that much bunker 
fuel. 

That is the problem attacked by Thermal Crack- 
ing. In this process gas oil is subjected to heat 
and pressure which causes the heavy hydro car- 
bons to break up into the lighter compounds of 
gasoline, hydrogen, and the light gases. Gasoline 
obtained by this method is of much better quality 
than straight-run gasoline from the fractional 
distillation towers. Thus the heavy, hard to sell 
fuel stock is chemically converted into gasoline 
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which is in economic demand. Now the percentage 
of gasoline obtained from a barrel of crude is 
raised. 

This was more or less the state of the industry 
until the late ’thirties, when a basically new ap- 
proach was made. 

Catalytic Cracking consists of using a catalyst 
to cause the cracking reactions to go. The stand- 
ard definition of a catalyst is “something that 
makes a reaction go without taking part in it.” 
It is to be emphasized that the catalyst does not 
merely catalyze the thermal cracking reactions; 
rather the catalyst causes an entirely different set 
of reactions, with different end products. These 
products are of higher quality than those yielded 
by thermal cracking. The catalyst becomes con- 
taminated, and must be regenerated. 

Like all engineering processes, catalytic crack- 
ing has passed through several stages of develop- 
ment. There have been developed four principal 
processes which we shall inspect individually: 
Houdry fixed bed, Thermofor moving bed, fluidized 
catalyst, and suspensiod. 


Houdry Fixed Bed Cracking Units 


Eugene Houdry began work on a catalytic crack- 
ing method in 1924, in France. In this country, 
Houdry received the support of the Socony- 
Vacuum Company, and the Sun Oil Company. The 
first pilot plant was built in 1930, and the first 
commercial unit, with 2000 barrels per day capac- 
icy began operation at Paulsboro, N. J. in 1936. 
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In the Houdry process, the catalyst is a pelleted 
aluminosilicate, stored in large cylindrical cases. 
The feed stock vapors enter the case at the bot- 
tom and leave it through the top. As they pass 
through the catalyst bed the heavy oil is 
“cracked” into lighter products. The operation 
takes place at 900 degrees F. and at a pressure of 
30 psi. The catalyst meanwhile becomes covered 
with coke, which reduces the activity of the cata- 
lyst. 

This contamination cf the catalyst necessitates 
“Regenerating” the catalyst, which is the other 
major step in the process. This is done by cutting 
off the feed stock flow after ten minutes, blowing 
stcam through the case for five minutes, and then 
blowing air through the case for ten minutes to 
burn the coke off the catalyst. After this, inert 
gas is blown through, and the feed stock stream 
is passed through the case again. The complete 
cycle in a typical plant takes thirty minutes. 

In order to have continuous operations, a bat- 
tery of three such cases is used. It requires very 
careful control to maintain continuous operations 
by timing and coordinating the cycles of the cases. 
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Thermofor catalytic cracking unit. 


One of the most critical factors to control with- 
in the catalyst cases is the temperature. The 
burning off of the coke during the regenerating 
stage is of course exothermic, while the actual 
cracking is endothermic. The temperature is con- 
trolled by tubes of molten salt passing through 
the cases. The salt used is a mixture of KNO: and 
NaNO.. It is used to remove heat from the cases 
at the regenerating (coke burning) stage, and 
supply it to those cases in the group at the crack- 
ing stage. 

The cracked vapors after leaving the catalyst 
case are passed into a conventional fractionating 
tower where they are separated. 

The fixed bed cracking system described above 
has several inherent advantages and disadvant- 
ages. Among the advantages are: small loss of 
catalyst, simplicity of separating oil from catalyst, 
and flexibility of operating pressures. The disad- 
vantages are: difficulty of adding or removing 
catalyst, poor heat transfer characteristics, and 
the difficulty of complete “purging” by steam 
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When this automobile clock was designed, 
its manufacturer had in mind the proba- 
bility of varied instrument panel locations 
with the resultant need of an adaptable 
coupling to the control knob. He chose an 
S.S.White flexible shaft to do the job. As 
the illustration shows, this simple hook-up 
permits both the clock and the control 
knob to be located in its most advanta- 
geous position. 
. * * « 


Many of the problems you'll face in indus- 
try will involve the application of power 
drives and remote control with the em- 
phasis on low cost. That’s why it will pay 
you to become familiar with S.S.White 
flexible shafts, because these “Metal 
Muscles’® represent the low-cost way to 
transmit power and remote control. 


SEND FOR THIS FREE 
FLEXIBLE SHAFT BOOKLET... 


Bulletin 5008 contains 
basic flexible shaft data 
and facts and shows how 
to select and apply flexible 
shafts. Write for a copy. 


CZ@, 
singel iis DIVISION 
DENTAL MFG. CO. G) Dept.c, 10 East 40th St. 
NEW YORK 16, N. Y. 
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Barnstead 


THE WORLD'S MOST COMPLETE LINE OF 


PURE WATER STILLS 


Barnstead Laboratory and 
Industrial Water Stills 
produce water of unvary- 
ing consistency and un- 
matched purity. Easy to 
operate, easy to clean, 
they provide pure water 
at low cost. The proven 
standard of the scientific 
and industrial world, Barn- 
stead offers over 100 sizes 
and models to meet any 
pure water requirements. 


Write Today 
for Literature 


StUE \ STERIDIZER Co 
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and inert gas, between cracking and regenerating 
stages. These inherent difficulties led to a search 
for a continuous, moving bed process. 


Moving Bed Cracking Units 


The first moving bed Thermofor Catalytic 
Cracking Unit was put to work in 1943 at the 
Beaumont, Texas, Refinery of the Magnolia Pet- 
roleum Company. The thermofor process does the 
same thing, basically, that a Houdry unit does: 
cracks the feed stock by passing it through the 
catalyst, and regenerates the catalyst by burning 
off the accumulated coke. The big difference is 
that the two steps are carried out simultaneously, 
in separate vessels, making the whole process con- 
tinuous. 
~ The cycle of operations in the early thermofor 
units was: Catalyst pellets were fed continu- 
ously from a storage hopper through a long seal 
leg into the top of the reactor, where they flowed 
downward. The operating temperature in the re- 
actor was 850-950 degrees F. The feed stock vapor 
entered the bottom and the cracked vapors left 
the top of the reactor. The catalyst thus flowed 
downward countercurrent to the gas flow. The 
spent catalyst was drawn out at the bottom of the 
reactor, and carried by bucket elevator to the top 
of the thermofor kiln for removal of the carbon, 

The kiln is a vertical cylinder made up of a set 
of burning zones, where air is blown through and 
alternate cooling zones where water coils surround 
the kiln. Steam, of course, is generated in these 
coils, and is added to the refinery steam supply. 
This zone type construction provides more thor- 
ough removal of water and sulfur oxides from 
the catalyst. The regenerated catalyst leaves the 
kiJn at the bottom and is carried by bucket ele- 
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vator to the storage hopper at the top of the unit. 

In this kind of unit where the catalyst flows 
through pipes, and is carried in bucket elevators, 
a catalyst that will not powder easily is obviously 
needed. Socony Vacuum developed a bead catalyst 
which is excellent in this respect. 

In later units the bucket conveyors were re- 
placed by an air lift, in which the catalyst was 
blown up a pipe by an air stream, eliminating a 
major source of wear. 

Two other modifications are liquid charging and 
concurrent flow. By adding a mixture of liquids 
and gases at the top of the reactor, and allowing 
them to flow downward with the catalyst several 
advantages are gained. The main one is better 
utilization of the heat content of the catalyst. 

The Houdriflow Process uses the same principles 
as the conventional thermofor units, but the ar- 
rangement is more efficient. The reactor is placed 
directly above the regenerator kiln. Feed stock is 
fed into the top of the reactor, so there is a con- 
current flow. The regenerated catalyst from the 
bottom of the kiln is carried to the top of the unit 
by a flue gas lift. 


The fluidized catalyst cracking units are today 
the most numerous and most important type of 
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Fluidized bed catalytic cracking unit. 


cat crackers. Much of the early development work 
on the process was done by the Standard Oil 
Development Company. Over five million man 
hours were spent in research, development, and 
engineering in the ten years which preceeded the 
construction of the first unit in 1941. 

The heart of this process is the fluidized cata- 
lyst bed. In the previous processes the catalyst 
bed was made up of granular solids. In the 
Houdry process they remained stationary in the 
catalyst cases. In the thermofor process they 
moved, but they nontheless behaved as solids. In 
fluidized process, by using a very fine catalyst and 
mixing it with gas, there is obtained a mixture 
having many properties of a fluid. This air- 
solid mixture is called a pseudoliquid. When the 
flow of gas through the solid catalyst is properly 
adjusted, the individual solid particles are air- 
borne, but they remain closely packed, giving an 
overall behavior of a liquid. Since the catalyst 
can now be made to behave like a liquid, the awk- 
ward mechanical handling equipment of the ther- 
mofor units can be replaced by piping. 
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The original fluidized units were of the upflow 
design, in this process, hot powdered catalyst is 
fed into the cold feed stock, vaporizing it. This 
forms the pseudoliquid described above. It is 
passed into the reactor, where the feed stock is 
cracked into gasoline, fuel oil stock, gas oil, and 
bottoms. These vapors and the catalyst pass out 
of the top of the reactor, and into a cyclone sepa- 
rator. Here the vapors are separated from the 
catalyst, and led to a fractionating tower. 

The spent catalyst is fed from the separator 
into an air stream, forming another pseudoliquid 
which flows into the regenerator kettle where the 
coke is oxidized off. The flue gases and catalyst 
pass out of the top of the regenerator, and into 
another cyclone separator where the catalyst is 
separated out and fed back into the feed stock 
line. 

This process is free from the cycle complexities 
of the Houdry process and the mechanical hand- 
ling problems of the thermofor process, but it 
has one great weakness. That is that the catalyst 
must be separated from gas streams in cyclone 
units at two points in the process. To get around 
this procedure, another approach was made, and 
the downflow process was evolved. This is the 
process used, with refinements, in the newest 
units. 

In the improved downflow process, the hot 
catalyst is fed into the feed stock, vaporizing it, 
just as in the upflow process. However, the rate 
of flow is slower so that when the pseudoliquid 
enters the reactor, it is not swept up through the 
reactor and into the cyclone separator. Rather, it 
forms a pool in the reactor which resembles a 
violently boiling liquid. The cracked vapors are 
thus disengaged from the catalyst right in the 
reactor, eliminating the need for large separators. 
Again, the vapors are led to fractionating columns. 
The spent catalyst is drawn off from the pool in 
the reactor, and fed into an air stream which car- 
ries it to the regenerator where another boiling 
“pool” is formed while the coke is burned off the 
catalyst. The regenerated catalyst is drawn off 
this pool and fed back into the feed stock line. 

The Universal Oil Products Company has 
pioneered the development of small fluidized crack- 
ing units. These differ from the Standard Oil 
Development Company “school of design” prin- 
cipally in arrangement of equipment. In the new- 
est units, the reactor is placed directly above the 
regenerator, simplifying the supporting structure 
considerably. 
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Thermofor catalytic cracker. 


The Suspensoid Process 


The last process we shall inspect is the Suspen- 
scid process developed by the Imperial Oil Com- 


pany of Canada. This process is really a 
compromise between conventional thermal crack- 
ing and catalytic cracking. In this respect it is 
not an out growth of the original Houdry process, 
as the other processes are. In this process, small 
amounts of catalyst are fed into the charging 
stock on the way to a thermal cracking tower. 
The catalyst used is usually waste clay from lube 
oil treating plants, so there is no regeneration. 
The catalyst ccllects in the heaviest cuts, from the 
cracking tower, and is separated 
from them in a rotary filter. 


Conclusion 


Catalytic cracking promises to 
be the dominating refining pro- 
cess in the years to come. It is 
expected that eventually it will 
will completely replace thermal 
cracking. It was instrumental in 
the winning of the Second World 
War, since the Allies had a 
source of high quality aviation 
gasoline in large quantities. 
Catalytic cracking has _ been 
rightly called “the largest single 
stride in the development of re- 
fining processes that the petrol- 
eum industry has ever made.” 


CRACKED 
STOCK 


51 


. ee = + 


a 
’ 


7 


4 


yy 


’ 


<j 


te] 


7 


~~ 





. 


ivision 
ineering 


Jack has made sig- 


etsy 
Rasa 
BITERRS 

SO 


g engineers like Jack 


ST.LOUIS 


wn 

NOTEASS SS 
Bagge: 
* Meee 
» Satta 


JACK R. SNYDER 


* 


3,MQ 
THE TECH ENGINEERING NEWS 


=. 
x 
% 
< 
S 
Re 
a. 
a 
< 
= 
ty 
* 
< 
4 
s 
é 
at 
oo) 
® 
os 
he 
x 


tnd 
Sy 


ANS YEEANY 


AN 
+ 


wt 


+ 


* a 
atk. 
Sea SS SERSD 


* * 
ay} RSs 


< NOX 
aN 


ww 


HE HAD ONE 


y x 


ASS 


king for young engineers—engineers with 


We’re loo 


new ideas—engineers who can visualize the practi- 
cality of today’s research and evolve from it the 


aircraft of 
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It is this type of thinking that has enabled the 


McDonnell engineering team to design and develop 
such hallmarks of aviation as the “‘Phantom’’, first 
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twin-jet carrier based fighter plane, and the now 


famous “‘Banshee”’ series of Navy jet fighters 
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OIL REFINING "ROUNM THE CLOCK is only one of 


many chemical process industries which consume vast quan- 
tities of catalyst carriers or supports to promote efficient 
chemical reaction. CARBORUNDUM® makes catalyst supports 
of the “man-made minerals” available in 17 different com- 
positions and three different degrees of porosity, the better 


STAN DARE 


to meet the varied needs of a wide range of processes. The 
right combination of composition and porosity assures max- 
imum dispersion of the catalyst, while high chemical stability 
and great mechanical strength assure long support life. In 
both fixed-bed and fluid-bed applications, CARBORUNDUM 
catalyst supports are widely used throughout the industry. 


Produced by the Refractories Division 


Where’s the limit to what you can do with 


CARBORUNDUWM’s “man-made minerals”? 


THE BEAUTY OF A BRIAR PIPE is no acci- 
dent. Bowls, tops, shanks — even the plastic or hard 
rubber mouthpieces — are roughed and finished with 
abrasive paper. Leading pipe manufacturers buy 
CARBORUNDUM silicon carbide abrasive paper in rolls 
from which they cut special shapes and sizes for use 
on flat or “French” wheels. 

Made by the Coated Products Division 


PURER STEEL is the constant goal of leading steel 
company metallurgists, who are striving to increase 
the quality of steel without adding sdheamndie to 
cost. They are powerfully aided by FERROCARBO,® a 
special formulation of one of CARBORUNDUM’s “man- 
made minerals,” which does a remarkable job of 
purifying molten steel by carrying off metallic oxide 
impurities into the slag. 

Manvfactured by the Bonded Products and Grain Division 
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inative thinking— 
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some diophantine problems 


By Thomas Knapp, '54 


In this paper the solutions to several problems, 
which are among the curiosities of mathematics, 
will be presented. While these problems are of cer- 
tain interest for their own sakes, they have no 
practical importance; nor do their solutions cast 
any light upon other mathematical questions. 

These problems are of one general type. There 
are equations which may be solved quite easily, 
if no restrictions are placed on the solutions. How- 
ever, if it is required that the solutions belong to 
a special class of numbers, the problem of solving 
a given equation becomes more difficult, if not im- 
possible. 

In the following examples the requirement that 
a solution be rational will be imposed. However, 
the method is substantially the same for all re- 
strictions: the substitution of new variables for 
the original variables. For example, in the substi- 
tution 


/ / 
a, X; + G@oX_ = Z 


where the a’s are rational, z,; and z. are rational 
if x, and x, are rational, and conversely, x, and x, 
rational if z, and z. are rational. 

Consider the equation 
nx? + is " (1) 
where n is rational. To obtain rational values of 
x, and x., it is assumed that x, is related to x. by 


Px, +] = Xo (2) 


where p is rational. Clearly, 

any two rational numbers can be written in this 
way, by appropriate choice of p, so that there is 
no loss of generality. Equation (3) becomes 


nx,” + 1 = (p x,+1)? = p*x? + 2px,+ 1 


and . ec 
mx,” = p*x,” + 2px, 
2p 
Xy = 
1 n-p? 
If there exist rational x, and x. satisfying equation 
(1) for a given n, and if z.-] 
os: 

P 
implying sas | 

Xo=px, +l 


then, it has been shown that 
(3) 
Ry = n-p2 
If, on the other hand, an arbitrary rational num- 
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2p 
a ., then 


ber, p, is chosen, and x, is set equal to 
(n,-p?) x,= 2p. nx ,-p*x, 


mx, = p*x,+2p 
nx,” = p's," ‘l 2 px, 
- +] = p*x,” + 2px, tl 


nx 


(pxt1)? - a 


Thus, the derivation has been retraced in the op- 
posite direction, and it has been shown that two 
rational numbers, x, and x,, are solutions of equa- 
tion (1) if, and only if, they satisfy equations (2) 
and (3); that is, we have found all possible ra- 
tional solutions of equation (1). 

If n is an integer, the solutions can be further 
restricted, so that x, and x, must also be integers. 
The solution just derived is useless, since it is 
difficult to find a rational value of p such that x, 
and x. will satisfy equations (2) and (3). This 
problem involving integers has been solved com- 
pletely, but the solution is rather complicated and 
will not be dealt with here. 

It has been proved impossible to find rational 
x, y, and z satisfying the equation 
It is, however, possible to solve 

w? + x3 ee y? =z? 
for rational solutions. For example, 

33 + 43 + 53 = 63 
In fact, let z and w be any rational numbers, a and 
b respectively, and it is possible to find x and y 
satisfying 

b? + x3 + y3 = a (4) 

In the first example the substitution was arranged 
to eliminate the constant, 1; in this example the 
elimination of the constant, a*—b*, will be accom- 
plished by the following substitution : 


xX=a-z (5) 
y=mz-b 


Thus, it is now necessary to determine m and z, 
instead of x and y. 


a%-h3 = x3 4 y? = (a-z)3 + (m z-b)3 
m3z3.3m?2z*b + 3mzb*-b? 
a3-b3 = a3-3a2z+3az2-723 + 


O = z (3mb*-3a7) + 2? (3a-3m7b) + z3 (m3-1) 
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Clearly, this last equation is equivalent to equation 
(4), since given x and y, it is possible to find m 
and z, or given m and z it is possible to find x and 
y. Although the derived equation cannot be solved 
in general, it is possible to obtain one solution. Let 


Then ~e a?/b? 


z (3mb?-3a7) = 0 
and equation (7) becomes 
. at ‘ a® 
Zz (3a-3 53) +2 Ge- }) = 0 
Multiplying this by 2, gives 


3ab®-3ath? +z (aS-bS) = 0 
so that 


From equations (5) and (6), x and y are obtained. 
at-2ab3 
a 

2a%b-b*4 

ar 


y = mz-b = 
The solution of 
33 + x3 + y? = 53 


by means of the formulae given yields 

355 : 446 

a FS ee 
However, it is already known that x—3 and y—4 
is solution. Thus, it is certain that the formulae 
derived do not give all possible solutions. Again, 
it should be noted that a complete solution has 
been found, but it is too long to be presented here. 

Consider, now, a whole class of equations: those 
which can be put in the form 


r 
1 + Tn 
Aarne c,X, = 


x 


©,%, 
q 1 qa, 
diz, © gia % diz, 
; (8) 
where the c’s and d’s are rational, the r’s and q’s 
are positive or negative integers, and the products, 
R=r,Polsl4 ..+Tg and Q—=q;40q3q; ... qm, have 
no common divisors. Rational values of x, Xo, Xs, 
» +.) Ka, ANd Z1, Za, Zy,..., Zm Satisfying equation 
(8) are sought. 
Since Q and R have no common divisor, except 
], it can be shown that there exists integers, s and 
t, such that sQ.= tR +1 


Let 


and let 
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K tR 
zy" a) ay 


° K tR 

zy" "37 q; 
These substitutions are valid, since the rationality 
of y, P, and K imply the rationality of x and z. 
After substitution, an equation iny...; P;,..., 
P,; and K, ..., K, is obtained. The new equation 
contains one more variable than the original but is 
more easily solved. 

8Q sa = 
r 
CP. 34.2064 B: FP) o 

y (C,P, ve tr 

tr q a, 

y (dK, 2+... + dK, ) 


But 


sQ=tR+1 
Dividing both sides of the equation by y‘* gives 


ei a, oe 
tR 


ai qe 
dK, +... + dK, 


y (C,P, ee 
tr 


All possible solutions of equation (9) may be 
found by giving P,,..., P, and K,,..., Km arbi- 
trary rational values and then dividing to find y. 
Since all possible solutions of the derived equation 
have been found, the complete set of solutions to 
the original equation has also been found. 
As an example, consider 
z x,* = s;" + 32,3 
Here, R=2, Q=15, and sQ—15, tR=—14. Set x, 
=P, y’, z;=—ky3, and z2=-K,ys. Substituting these 
values in equation (10) gives. 
2P,2y14 = K,5y15 + 3K,3y15 
Dividing both sides by y'?, 
3 
oe ° y (kK, . 3K ) 


Then 
_2 ¥* 
K,5+3K,% 


Take rational values of P,, K,, K. at random. 
From equation (11), 
(10) 


K,5y + 3K,3y = 2, (11) 


K,5y15 +3K,3y15 = 2Ry14 


(K,y3)5 + 3(K,y5)§ = z(P,y")? 


3. 5 3 
2x, z+ 3 Zo 


Therefore, equation (10) has been solved. 
Many other such indeterminate equations may 
be solved, or at least simplified, by properly chosen 


substitutions. 
do 





Problem 


Midget with the giant brain 


To design and 
build a computer 
for airborne 
automatic control 
systems—with 
severe restrictions 
imposed on size, 
weight and opera- 
tion under extreme 
environmental 
conditions; in 
short, a computer 
that would be 
small, simple, 
reliable, 
rugged —and easy 
to build 
and maintain. 
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AT HuGHeEs RESEARCH and 
Development Laboratories this 
problem was examined exhaus- 
tively, and it was concluded that 
a digital computer offered the best 
means for satisfying the require- 
ments because of its ability to 
solve complex problems accu- 
rately and quickly. 


Because the requirements of 
this application could not be met 
by existing digital computers, 
owing to their large size, the 
following devclopments were 
undertaken: 


1. Simplification of the logical 
structure of the computer through 
the use of a mathematical theory 
of computer design based on 
Boolean algebra—but with reten- 
tion of the operational versatility 
of a general-purpose computer. 


2. Development of ingenious 
circuitry to utilize the new logi- 
cal designs. 


3. Achievement of minimum 
size by the use of subminiature 
techniques, including germanium 
diodes, subminiature tubes, and 
etched circuits. 


4. Employment of unitized con- 
struction: plug-in units of flip- 
flop circuits and diode networks. 


Need for subminiaturization, 
then, was a governing factor. 
Consequently, entire new tech- 
niques for making things not only 
vastly smaller, but at the same 
time easier to build and service, 
were developed by Hughes. This 
is a continuing process and there 
is indication of even more signif- 
icant advancement in miniaturi- 
zation for the future. 


A major effort at Hughes is also 
devoted to adapting electronic 
digital computer techniques to 
business data processing and re- 
lated applications—destined for 
far-reaching peacetime uses. 


One of the subminiature switching circuits from 
the Hughes airborne electronic digital computer 

is examined by Dr. Eugene M. Grabbe (right), 
Associate Head, Computer Systems Department, 
Advanced Electronics Laboratory, and Phil A. 
Adamson of the Technical Staff, Radar Laboratory. 


ENGINEERS AND PHYSICISTS 


Activities at Hughes in 
the computer field are 
creating some new 
positions in the 
Laboratories. Experience 
in the design and 
application of electronic 
digital computers is 
desirable, but not 
essential. Engineers and 
physicists with back- 
grounds of component 
development or system 
engineering are invited 
to apply. 
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ADDRESS: Scientific and Engineering Staff 
County, 
California 
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Reynolds expanding production 
—historic chapter in 33 yeors 


of continuing growth. 


A broad vista of opportunity opens up for college graduates who 
come to work for Reynolds. The phenomenal rise of the Reynolds 
Metals Company, known throughout business and industry, is 
clearly depicted by the above chart. The five-fold expansion in 
total production of aluminum ingot alone spells broad opportunity. 
Add to this the vast and productive fabricating facilities of Reynolds 
—in themselves an enterprise of considerable proportions—and here 
indeed is a fertile field for any ambitious engineer. 


From bauxite mining through metals refining and fabrication 
Settling tanks, where impurities are to application engineering, sales and marketing, Reynolds offers 
separated from sodium aluminate broad career opportunities. Operating 27 plants in 13 states, and 
still expanding, there is virtually no limit to what can be accom- 

plished by a capable graduate engineer. 


Preliminary orientation in production and sales...direct on-the- 
job training...liberal insurance, hospitalization and retirement 
programs...these are all parts of a sound personnel policy main- 
tained at Reynolds. 

For important information on “your future in Aluminum,” mail 

= the coupon. If you are definitely interested now, write direct 
Tube drawing, one of many mill to General Employment Manager, Reynolds Metals Company, 
operations at Reynolds 3rd and Grace Streets, Richmond 19, Va. 


REYNOLDS £:3 ALUMINUM 


Reynolds Metals Company, 

Employment Dept. 

Richmond 19, Virginia 

Please send me, FREE, your 96-page booklet “The ABC's of 
Aluminum"; also the 44-page book, “Reynolds Aluminum... 
and the Company that mokes it." 


i icc sn ae oii ciccacetni pcecmaeenptlabaaisamaapiast 
Foil — for many uses, including Full color movies tell the fascinating FO ee ae eo a SRC a ae 


colorful, protective packages and story of Reynolds Aluminum. 16mm 
labels; also famous Reynolds Wrap. films available for group showings. TN EN CN 
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briefing the news 


Disconnect Switch 


The largest disconnect switch ever built is be- 
ing prepared for a test in a high voltage labora- 
tory. The switch is more than 17 feet long at the 
base and 25 feet high when in the full “open” po- 
sition. The engineers who designed it say the 
switch is capable of handling 330-kv and of with- 
standing a power surge, such as might be caused 
by a lightning stroke of 1.3 million volts. The de- 
vice can be operated manually or by an electric 
motor and will be used on high voltage utility 
circuits for isolating other electrical equipment 
to permit inspection and maintenance in com- 
plete safety. 


Exhaust Gas Muffler..... 


The operation of gasoline-driven equipment in 
enclosed and unventilated areas has been made 
completely safe by a muffler to “take the sting 
out” of exhaust gases. This is accomplished by 
oxidizing the dangerous and irritating fumes to 
carbon dioxide and water vapor, thus removing 
noxious carbon monoxide and hydrocarbon va- 

ors. 

r The heart of the system is a cartridge of 
spaced porcelain rods coated with a catalytic 
agent. As the engine exhaust flows across the sur- 


One for every place— 


One place to get them all... 


Out on the job. . . irrespective of your engineering role 
+ + « you'll be coming to grips with the problem of elimi- 
nating wasteful friction. 


You can look to @&0S for the practical solution to anti- 
friction bearing problems. 


S8cso” makes all of these eight types of bearings which 
serve virtually every equipment need. Rely on (SP for 
putting the right bearing in the right place. 17 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
— manufacturers of &%F and HESS-BRIGHT bearings. 


BALL AND ROLLER BEARINGS 


face of the rods, combustion of carbon monoxide 
and other harmful vapors takes place. Only slight 
traces of the contaminants may be found in the 
final exhaust, which contains mostly the carbon 
dioxide and water vapor. 

Exhibited for the first time at a national trade 
show, the muffler can be used on any engine that 
runs on liquid propane gas, diesel oil, or unleaded 
gasoline. Mobile, as well as stationary engines 
may be equipped with the muffler. 

Model car equipped with experimental elec- 
tronic equipment is shown stopping itself to pre- 
vent a collision. Designed to study electronic con- 
trol of automobiles on superhighways, the car at 
the rear picks up a warning signal set off by the 
parked car in front. Oscilloscope pattern at right 
of each picture shows how the warning signal re- 
ceived in the rear car gets stronger as it nears 
danger point. 


Sleep While You Drive? 


How can electronics be used to reduce highway 
disasters and to relieve drivers of tiresome tasks 
on modern superhighways? This has been ihe 
subject of a study by Dr. V. K. Zworykin, pio- 
neer television and electronic scientist. 

Although the day of completely automatic con- 
trol of automobiles is far off, Dr. Zworykin said, 
certain electronic devices to assist drivers in such 
matters as bad weather steering and collision pre- 
vention are nearer at hand, 

To study the basic problems of automatic driv- 
ing, Dr. Zworykin and his assistants have 
equipped a model five-foot car with electronic 
equipment. This laboratory car, which is pow- 
ered by a storage battery, can: 


1. Steer itself along a prescribed route. 

2. Stop itself when approaching a metal ob- 
struction. 

3. Turn out of its original lane into a second 
lane as if to pass another car. 


In the laboratory set-up, the model car is 
guided by a wire which represents a cable that 
would be laid in the roadbed of a superhighway. 
The wire sets up a magnetic field of a certain 
frequency which is picked up by the two coils, one 
on each side of the car. If one coil receives more 
of the signal than the other it means the car is 
no longer centered over the wire and electronic 
equipment controlling the steering wheel imme- 
diately brings the car back “on course.” 

To prevent a collision with an obstruction, 
simple transistor circuits associated with the 
guidance wire send out warning signals (of an- 
other frequency) whenever an obstruction passes 
or is stalled over them. When equipment in the 
model car receives the warning signal, the brakes 
_ automatically applied and the car comes to a 

alt. 

To simulate two lanes in the same direction, 
Dr. Zworykin has parallel guidance wires with a 
diagonal wire connecting them, When the model 
car senses the radio tail of an obstruction in the 
inner lane, its electronic equipment shunts it 
along the diagonal into the outer lane so as to 
pass the obstruction. 
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Discussing the trend toward modern highways 
on which driving is becoming both simple and 
tiresome, Dr. Zworykin said that “the time has 
arrived for consideration of automatic driving 
techniques which may relieve the driver of his 
routine duties whenever his car enters an express 
highway system. 

Even now, with power steering, control devices 
are used to guide the car in preference to direct 
steering. Similarly, with power braking, the 
driver supplies a control signal rather than the 
physical force required to slow or stop the car. 
The automatic headlight dimmer is another device 
to take over a routine function of the driver. 

The basic requirements of an automatic driv- 
ing system harmonize with trends in modern 
highway construction. The requirements are that 
the roads have at least two lanes in each direction 
and that crossings and left turns across traffic be 
eliminated by cloverleafs and similar systems. 
With these conditions satisfied, the stage is set for 
a gradual introduction of measures to reduce 
traffic risks and simplify driving procedures. 

As a result of his research, Dr. Zworykin 
has drawn up a practical plan for the eventual 
installation of a completely automatic traffic sys- 
tem. This system also includes the automatic 
transportation of freight over long distances. 


LeSagian theory 


(Continued from page 30) 


plained by random short wave length electromag- 
netic rays existing in ali space at a constant con- 
centration. 

The LeSagian Theory of Gravitation is not en- 
tirely useless. It is interesting, not only as an at- 
tempt to explain a mysterious property of matter, 
but as a method of solution for certain physical 
problems. As an explanation of the process of ac- 
tion at a distance, and not as an explanation for it, 
the theory is almost the same as Newton’s Law 
of Gravitation, and is just as acceptable. In fig- 
ure 6, a body is situated within a spherical 
shell of constant thickness and homogeneous ma- 
terial. With Newton’s inverse square formula, it 
can be shown, with a little mathematical labor, 
that the body is not attracted to the side of the 
shell, no matter where inside it is located. With 
the LeSagian Theory, however, the same result 
is attained without any mathematics, and quite 
obviously. Consider those ultramundane streams 
going in any arbitrary antiparallel directions 
which pass through the body within the shell. Go- 
ing in either direction, the intensity of the stream 
is decreased, upon passing through the shell, by 
the same amount, and the bodv behaves as though 
it were in free space. Two bodies within the shell 
would attract each other as in free space, but, 
according to the revised theory, with a slightly 
reduced gravitational constant. Such a spherical 
shell enclosing any system of bodies would, there- 
fore, have no more effect than to change the con- 
stant of gravitation. 
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biogeochemistry 
(Continued from page 37) 


A second limitation of the method is that the 
source of the trace elements in the soil need not 
have originated from an ore body immediately 
underneath. The parent deposit could be located 
miles away and the elements in the soil might 
have been transported over this distance by 
stream action. 

In addition, the method is limited in its present 
form in that it can only effectively be used for 
finding zinc, copper, and cobalt. It has been shown 
by a series of tests in an area where the elements 
present underground were known that only copper 
and zinc anomalies correlate reasonably well with 
the presence of these elements below the surface. 
This is illustrated by some of the diagrams shown 
here. The diagrams also show the poor correlation 
of tin and cobalt deposits with the anomalies on 
the biogecchemical map. 

Use of biogeochemical prospecting is also lim- 
ited by a maximum burial of the ore of about 100 
feet. Though this may at first appear to be a dis- 
advantage, it actually is not because mining com- 
panies are only interested in finding ore deposits 
at shallow depths since mining costs increase with 
depth. 

Despite its several limitations biogeochemistry 
has been successful in locating new mineral de- 
posits. The accuracy of the method will almost 
certainly increase as more knowledge becomes 
available in this new science. 
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[SYNTHANE]— making bigger payloads pay off 


Synthane bushings, spacers, and bearings 
in the landing gear of this giant of the 
skies share the landing shock loads 
of twenty-five tons. But Synthane parts 
have many virtues in addition to their 
ability to withstand the jolts of heavy 
landings. 

Parts made of this hard-working lam- 
inated plastic are unaffected by oils, and 
are dimensionally stable. They resist 
abrasion, and weigh half as much as 
aluminum. 

Because Synthane is so easy to machine, 


it is appropriate for fair-leads and cable- 
sheaves in control systems. Because it is 
an excellent electrical insulator, you will 
find it at work in engine ignition systems, 
flight instruments, automatic controls, 
and radar sets. Because Synthane is light 
and corrosion-resistant, it’s used for the 
flapper valves in fuel cell baffles. 
Synthane has all these properties and 
many more. It might be a good material 
for you to try. Start by sending for the 
complete Synthane Catalog. Synthane 
Corporation,42River Road, Oaks, Penna. 


Swithane-one of industry unseen esseritiols 


IS YOUR ANSWER HERE? 


if you are not in the aircraft in- 
dustry, Synthane's combination of 
properties may still stir your inter- 
est. Besides the properties at the 
left, Synthane has good tensile, 
compressive, flexural, impact 
ond shear strength, a low coeffi- 
cient of expansion, is moisture- and 
wear-resistant, easy to machine. 


Sliding component 
for handrail of 
moving stairway, 
machined from 
Synthune 


Breaker orms in 
distributor contain 
molded-laminated 
Synthone. 


YNTHANE 


S 
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“Designers and manufacturers of 


dependable airborne electronic = 


equipment since 1928 


A R C offers special advantages for electronic engineers. The company is a leader in its special- 
ty, yet small enough to insure individual recognition of our staff members. Our location is ideal, 


in the Northern New Jersey lake area, only 30 miles from New York City. 
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This is an aluminum 
window, one of four million 
that will go into 
buildings in 1953. Twenty 
years ago, it was just an idea in the 
mind of an Alcoa development engineer. Ten 
years ago, only a few thousand were made 
annually. Now, production is increasing 
at the rate of over half a million a year. 
This is just one of a torrent of new uses for 
aluminum which means that Alcoa must 
continue to expand. Consider the opportunities 
for you if you choose to grow with us. 


Aicoa | 
Aluminum 


What can this mean 
as a career for you? 


This is a production chart . . . shows the millions of 
pounds of aluminum produced by Alcoa each year be- 
tween 1935 and 1952. Good men did good work to 
create this record. You can work with these same men, 
learn from them and qualify yourself for continually 
developing opportunities. And that production curve— 
is still rising, we’re still expanding, and opportunities 
for young men joining us now are almost limitless. 
Ever-expanding Alcoa needs engineers, metallurgists, 
and technically minded “laymen” for production, re- 
search and sales positions. If you graduate soon, if you 
want to be with a dynamic company that’s “going 
places’’, get in touch with us. Benefits are many, stability 
is a matter of proud record, opportunities are unlimited. 
For more facts, consult your Placement Director. 
ALUMINUM COMPANY OF AMERICA, Pittsburgh, Penna. 


ALCOA 


or 


ALUMINUM COMPANY OF AMERICA 
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THE DU PONT 


DIGEST 


provides broad opportunities 
for chemists, physicists 

and engineers cooperating 
on many problems. 


For one thing, much Du Pont re- 
search is fundamental, aimed at ad- 
vancing scientific knowledge regard- 
less of specific commercial objectives. 
However, such research often sug- 
gests new products... each with its 
own challenging technical problems 
which must be solved before com- 
mercial production can begin. Solv- 
ing these problems offers another 
great field of work for teams of en- 
gineers and scientists. 


“Teflon” tetrafluoroethylene resin 
is an example of this well integrated 
teamwork. 


Howard E. Holmquist, Ph.D. in Org. Chem., 
Univ. of Minn. ’51, is shown at work on a 
problem in synthetic organic chemistry. 
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Doing chemical engineering research on a plate 
in a distillation tower are: C. M. Gamel, Jr., 
S.M.Ch.E., M.I.T. ’48; and J. B. Jones, 
M.S.Ch.E., Univ. of Mich. ’46. 


During research on refrigerants, 
the polymer was discovered and work 
was begun to make it useful. The new 
plastic had a remarkable combina- 
tion of properties; temperature re- 
sistance beyond the range of any 
previous plastic, excellent electrical 
characteristics, and the highest de- 
gree of chemical inertness of any 
commercial plastic. 


In fact, ‘“Teflon” was almost too 
unusual. Although it melts, it is too 
viscous to flow like other plastics. It 
does not dissolve—even in aqua regia. 
There was no method for molding it 
or for making it into thin coatings. 


The problem of molding was solved 
with the help of techniques used in 
powder metallurgy. ‘““Teflon” is now 
molded by cold pressing, followed by 
sintering or ‘“‘fusing”’ at about 360°C. 


Research workers have available modern appa- 
ratus, such as the infrared spectrometer being 
used here by Vaughan C. Chambers, Ph.D. 
Org. Chem., M.I.T.’50. 


For coatings, previous research 
suggested dispersions—minute par- 
ticles suspended in a liquid. After 
much study, a team of technical men 
learned how to suspend particles of 
“Teflon” about 1/125,000 of an inch 
in diameter. Then a commercial scale 
process was devised. This develop- 
ment made possible thin coatings of 
“Teflon” and also a process for ex- 
truding the material. 


Meanwhile, another group discov- 
ered how to successfully formulate 
the new plastic into ‘“Teflon” tetra- 
fluoroethylene resin finishes and wire 
enamels. 


Thedevelopment of “Teflon” illus- 
trates the close teamwork that is the 
basis of research at Du Pont. But 
this teamwork doesn’t end with re- 
search. Bringing the product to com- 
mercial reality requires development 
and design work by chemistsand both 
chemical and mechanical engineers. 
Next month’s Digest will feature in- 
formation on the opportunities Du 
Pont offers men interested in this 
phase of making “better things for 
better living . . . through chemistry.” 


ASK FOR “Chemical Engineers at 
Du Pont.” New illustrated booklet de- 
scribes initial assignments, training and 
paths of promotion. Just send post card 
to E. I. du Pont de Nemours & Co. 
(Inc.), 2521 Nemours Building, Wil- 
mington, Delaware. Also available: Du 
Pont and the College Graduate and 
Mechanical Engineers at Du Pont. 


BETTER THINGS FOR BETTER LIVING 
. .» THROUGH CHEMISTRY 


Watch “Cavalcade of America,” on Television 
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dormitory audio lines 


By D. F. Shrader, '59 


A natural desire of friends interested in mu- 
sic and owning record collections is to share them 
with one another. Thrée years ago two such stu- 
dents at M.I.T, solved the problem by installing 
wire between their rooms so that either one could 
listen to what the other was playing. Other stu- 
dents in this dormitory heard of this arrange- 
ment and asked that a wire be run to their rooms. 
Thus the dormitory audio line, known as the 
Runkle line after the dormitory of its origin, 
was born. In the second term of that year Phil 
Benkard, one of the two founders of the audio 
line, moved from Runkle to Bemis, and the first 
line over Ames Street was installed, bringing the 
services of the audio line to the residents of the 
Hayden and Bemis units. From these beginnings, 
the Runkle line has steadily grown, The original 
entrepreneurs and their somewhat primitive 
equipment (the original patch panel for the 
Runkle line consisted of a row of nails stuck in 
the door frame of Runkle 205; connections were 
made with clip leads) left and were replaced by 
others owning equipment of greater fidelity, and 
somewhat greater reliability. 

Last year, the number of listeners to the 
Runkle line reached the figure of 150. The pro- 
gramming of the line featured the FM programs 


of WXHR, the concerts of the Boston Symphony 
and the Budapest String Quartet carried over 
WGBH, and other musical programs of special 
interest carried by other FM stations, especially 
the concerts of the Metropolitan Opera, the New 
York Philharmonic-Symphony Orchestra and the 
NBC Symphony Orchestra. When classical mu- 
sic was not available on FM, listeners to the 
Runkle line heard selections from various private 
record collections. Often, before finals or during 
the writing of term papers, music could be heard 
throughout the night. 

Some students did not like the types of music 
played on the Runkle line, either by the student 
collectors or WXHR, so other lines sprang up, 
the largest being the “Pops” line. Generally, how- 
ever, the line had the very excellent effect of 
broadening the listeners’ musical interests espe- 
cially in the fields of chamber and modern music. 
We have the report of the individual whose self- 
elected responsibility it was to tune in WXHR 
regularly that at one time he would turn down 
the speaker volume whenever music over his 
head was heard. Laziness sometimes prevented 
this and eventually, he even bought recorded 
Schoenberg and Couperin. 

The technical background necessary to run au- 


Unbalanced, line-to-ground system (top) and balanced system (below). 
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The record playing equipment at the Music Library. 


dio lines is by no means large. Any Tech stu- 
dent able to understand Ohm’s law and having a 
moderate amount of common sense should be able 
to operate such a system. Basically this consists 
merely of wiring the output of one audio ampli- 
fier to the input of another. The input impedance 
of most audio amplifiers is several orders of mag- 
nitude greater than the output or speaker impe- 
dance; so the feeding of the signal of one ampli- 
fier to many others does not impose any signifi- 
cant load on the originating amplifier. 

The East Campus audio lines have in the past 
been operated on the simplest system possible, 
referred to as “line-to-ground.” One wire could 
link all the amplifiers on the line; whoever was 
sending would connect this line to his output, 
and those receiving would connect it to their in- 
puts. The amplifier chasses were all solidly 
grounded to the plumbing system, providing the 
return circuit. Necessary accessories for those 
sending were speaker pads to control the volume 
level in their rooms without affecting others’, 
and a system of switching, using either plugs 
and jacks or toggle switches. In the case of in 
dividuals using several audio lines these systems 
could become quite complicated. 

Experience showed that such an unbalanced 
line-to-ground system is unsatisfactory for long 
distances. Trouble was experienced from the be- 
ginning with the overhead line connecting the 
Senior House with the other East Campus dor- 
mitories. This line acted as a very efficient 
aerial; in fact, the pickup of WHDH on the line 
was often stronger than the audio signal which 
the line was supposed to be carrying. Various 
methods were tried to eliminate the rf signal, as 
well as hum pickup, but the overhead line was 
never really satisfactory. 

Commercial radio and telephone audio lines are 
operated as “balanced lines”. This requires a pair 
of wires for each line run. The audio voltages in 
each wire are equal in amplitude and opposite in 
phase, and the impedances between the wires 
and from each wire to ground are equal, gener- 


ally 50 to 600 ohms. Any noise picked up by the 
line will appear as a voltage on each wire. These 
noise voltages will be equal in amplitude and in 
the same phase, and so will not appear across a 
load connected between the wires. The diagram 
below shows the difference between balanced and 
unbalanced systems somewhat more lucidly. 

Balanced lines were used in the Runkle line in 
the very beginning, but were abandoned as the 
line was extended, since a balanced system re- 
quires a matching transformer at each point at 
which a signal is taken from or fed to the line. 
However, when the underground line between the 
Senior House and the other East Campus dormi- 
tories was installed last year, it became possible 
to operate a balanced system between these 
points. This was much more satisfactory than the 
former system. 

This past summer a number of students rented 
a Bell Telephone line from East Campus to the 
apartment of two students across the river. This 
line proved notably hum and noise free when op- 
erated as a balanced line, with transformers at 
each end. These transformers were specially built 
for the purpose by Mystic Transformers, al- 
though a number of commercially available line 
transformers could have been used. The line was 
operated at an impedance of 600 ohms, and an 
equalizer was inserted giving a 6 db./octave rise 
between 3000 and 15,000 cycles per second. 

In addition to the extension of the Runkle line 
across the Charles River, two other innovations 
were put into effect this past summer. The first 
of these events was the first “live” program to be 
carried on the line. It seems that one of the resi- 
dents of the apartment house to which the line 
across the river was run played the cello, and 
often had fellow members of a string quartet 
over to her apartment. One of the concerts by 
this group was featured on the line. The program 
included quartets by Boccherini, Mozart and 
Schubert; both the playing and the sound trans- 
mission to East Campus were quite enjoyable. 

The second innovation was the carrying of the 


High-fidelity equipment of the type owned by several members of 
the Runkle line. 
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ooo Gi modern fastener 
that saves time and money 
on thousands of applications 


Rollpin is a hollow, split, cylindrically formed pin with chamfered 
ends. It is simply driven into holes drilled to normal production toler- 
ances. Because Rollpin is slightly larger than standard sized holes, 
it compresses as inserted. It is self-locking—and vibration-proof— 
because of the constant pressure it exerts against hole walls. Its shear 
strength exceeds that of a cold rolled pin of the same diameter. Rollpin 
is readily removed with a drift or pin punch—and can be reused. 
Because of its versatility—and the production economies it makes 
possible—Rollpin is finding wide usage in almost every phase of manu- 
facturing activity. Write 1or design information on the Rollpin. It will 
enable you to cut costs for many applications where use of rivets, set 
screws, dowels, and straight, serrated or cotter type pins create instal- 


lation or performance problems. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 
Elastic Stop Nuts with the famous red collar 
are another ESNA product 
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M.I.T. Music Library signal during the day by 


the Runkle line. A line had been installed by 
WMIT between their studios and the Music Li- 
brary, in order that the music played during the 
day in the main listening room could be broad- 
cast to the students. This line was tapped at 
Walker Memorial and run to the T.E.N. office, 
where it was sent over the line to East Campus 
and across the river. 

With the beginning of the fall term and the re- 
sumption of WMIT’s broadcasting, the question 
of continued availability of the Music Library 
signal was raised. WMIT, justly opposed to per- 
mitting individuals to tap its audio lines, has 
made available to the T.E.N. the output from a 
line amplifier, whose input in connected to the 
WMIT program line. Thus, listeners to the 
Runkle line during this coming term will be able 
to hear the signal from the Music Library dur- 
ing the day, as well as classical music programs 
of particular interest selected from WMIT’s eve- 
ning programming, WMIT is to be especially 
commended for allowing the T.E.N. to provide 
Runkle listeners with this service without the 
aural limitations of AM carrier-current broad- 
casting. 

During the past year audio lines were formed 
in several of the dormitory units on the West 
Campus. It was felt that interconnection of these 
lines would be obviously beneficial to all con- 
cerned, and tentative plans were made to link the 
dormitory units by means of lines rented from 
Bell Telephone. However, it was clear that the 
equipment required to properly service these ad- 
ditional lines could not be provided by members 
of the Runkle line themselves. At the same time, 
it was felt that the flexibility and democracy of 
the line were the result of its lack of formal po- 
litical organization, and that these virtues ought 
to be preserved, This dilemma was resolved when 
T.E.N. agreed to finance the additional equip- 
ment necessary to interconnect the dormitories, 
and to serve as a point of termination for the 
lines leading to the various dormitory units. The 
operation of the line within each dormitory unit 
would be under the complete control of the mem- 
bers of the line residing there. 

The present plans of the members of the 
Runkle line are as follows: the operation of the 
line in East Campus will be the same as last 
year, with the exception that music from the mu- 
sic library and from the other dormitory units 
will be available over the balanced line system. 
The Runkle line will be extended to the dormi- 
tory units on West Campus as soon as groups of 
students are formed there. Each group will re- 
ceive a balanced line which will interconnect 
them with the other dormitory units and with the 
music library. 

Although the Runkle line has been in opera- 
tion only three years, the enthusiastic support 
which it has attracted shows that it is providing 
a real service to the students of the East Campus 
dormitories. It is hoped that the planned exten- 
sion of the line will provide similar pleasure to 
the many students who do not now have audio 
line service available. In fact any group of stu- 
dents off campus can enjoy the benefits of this 
service by renting a Bell wire pair to the T.E.N. 
office. 
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education and the freshman 


(Continued from page 11) 


ously been good came tumbling down, All kinds 
of reasons are given for the downfall, the school 
is blamed, the curriculum is at fault, the students 
and faculty members have too narrow a view- 
point, without keeping in mind that his own hab- 
its and attitude have more influence on his effec- 
tiveness than anything else. 

But what can a Tech student do to keep on a 
balanced intellectual diet, considering the de- 
mands of the curriculum and the habits of his 
friends? Obviously, it is impractical to be too 
different from one’s colleagues, but if the whole 
climate of student opinion begins to change in 
the direction of maintaining pleasant conditions 
for learning to take place, the whole process is 
within the realm of possibility at any rate. No 
matter how busy one may be, there should be 
some time allowed every day for a few minutes 
of reading in fields other than one’s own. One of 
the busiest physicians that ever lived in this 
country (later in England) was Sir William Os- 
ler. He solved this problem by the lifetime habit 
of reading, in some field far removed from medi- 
cine, fifteen minutes before going to bed. As a re- 
sult, he was known as a classical scholar without 
peer in his profession. Furthermore, his effec- 
tiveness and interest in medicine was made much 
greater by his insight into how medicine fits into 
the life of people and how it is related to other 
fields of study. With the present availability of 
so many fine books at very low prices there is no 
reason why every first year man snould not have 
his own private library of well written books 
with which he becomes familiar purely for the 
sheer enjoyment they bring. 

In summary then, what should the Freshmen 
expect to accomplish during his undergraduate 
years at M.I.T. in order that he may look back 
upon those years with satisfaction? First and 
foremost he should expect to acquire the basic 
vocabulary with which to think clearly and con- 
cisely about material things and their relation 
to one another. This means proficiency in phys- 
ics, mathematics, chemistry, biology and in the 
methods of science as well as their application. 
It means learning to read, write, speak and listen 
in order that there be free communication with 
others. He should expect to form a set of habits 
here that would set the tone of his living and 
thinking for the rest of his life. This means abil- 
ity and skill in one area of knowledge and a mod- 
erate amount of ability to see the place of his 
own field in the general scheme of things. It 
means the development of interest, of enthusi- 
asm, of a sense of purpose, in short, of maturity. 
Sidney Hook has commented that maturity <on- 
notes the habit of reasonable expectation, rather 
than reliance on wishful thinking. The intellectu- 
ally mature man has great respect for but not a 
worship of facts. The man who completes his 
four years at the Institute knows that he knows 
very little, or should know it, while his real ac- 
complishments reside in the fact that he has ob- 
tained the will to learn, to serve, to exercise hu- 
mility and to try to understand, Education as 
well as maturity are ideals worthy of a lifetime 
search for them. 





You'll find classmates—and a future—at Boeing! 


Men from more than 120 top engineer- 
ing schools are building rewarding 
careers at Boeing. So chances are, 
you'd be working with some of your 
classmates here. And in addition you'd 
be a member of an Engineering 
Division renowned for its trail-blazing 
contributions to both military and 
civil aviation. 

If that’s the kind of engineering 
prestige you'd like to enjoy, look into 
Boeing opportunities. This company 
has been growing steadily for 37 years. 


It provides the finest research facilities 
in the industry. It offers you work on 
such exciting projects as guided mis- 
siles and the fastest known bomber 
in the world: the B-47 six-jet medium 
bomber, as well as the still-classified 
B-52 eight-jet heavy bomber. 


You can work in Seattle, in the 
Pacific Northwest, or in Wichita, 
Kansas. Boeing provides a generous 
moving and travel allowance, gives 
you special training, and pays a good 
salary that grows with you. 


Pian now to build your career as a mem- 
ber of Boeing’s distinguished Engineering 
personnel after graduation. Boeing has 
present and future openings for experi- 
enced and junior engineers in aircraft 

© DESIGN © RESEARCH 

© DEVELOPMENT ¢ PRODUCTION 

¢ TOOLING 


also for servo-mechanism and electronics 
designers and analysts, and for physicists 
and mathematicians with advanced degrees. 


For further information, 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Washington 
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PHOTOGRAPHY AT WORK No. 4 in a Kodak series 


Photography helps 
a New Steel Mill 


roll into action 


Fairless Works, U. S. Steel’s new Eastern 
Seaboard mill, is now starting operations— 

and growing—at the same time. And camera and 
film play their parts in both. 


... to help locate ore, 

plot transportation, 

lay out plants, control 

quality, improve production, 

U. S. Steel puts Photography to work. 


From ore through research and production, Photog- 
raphy is one of Steel's important operation tools. It 
helped locate and appraise the new Venezuelan 
Cerro Bolivar deposits which sparked this great new 
seaboard mill. It helped chart the ore’s course to the 
sea—helped plan the plant and keeps a running rec- 
ord of its growth. And day after day it’s at work in 
the research lab improving steel metallurgy, and on 
the production line controlling quality. 

Countless numbers of America’s varied industries, 
large and small, use photography in many ways to 
save time, speed accomplishment, increase produc- 
tion, and cut costs. 

In fact, so many new applications of photography 
are being found, that many well-qualified graduates 
in the physical sciences and in engineering have 
been led to find positions with the Eastman Kodak 
Company. Returning servicemen, too, have found 
new opportunity here. 

If you are interested, write to Business and Tech- 
nical Personnel Dept., Eastman Kodak Company, 
Rochester 4, N.Y. 


Eastman Kodak Company 
Rochester 4, New York 





mill motor for use in a steel mill. 


Engineers RICHARD RENK, IOWA STATE, (left) and ALLEN FRINK, 
CATHOLIC UNIV., make last-minute check on 1600-hp diesel-electric 
switcher before it is moved to test track. 


THEY’RE “‘“GOING PLACES*”’ 
AT GENERAL ELECTRIC 


Like these young men pictured here, hundreds of scien- 
tists, engineers, chemists, physicists and other college 
graduates are “‘getting ahead”’ fast at General Electric.... 
and they are working on projects with the assurance that 
their contributions are meaningful and important. 


They are moving up rapidly because at General Electric 
a world of opportunity awaits the college man of today—a 
world limited only by his own ability and interest. The 
variety of General Electric products and the diversity of 


the Company’s operations provide virtually unlimited 


fields of opportunity and corresponding rewards, both 
materially and in terms of personal satisfaction to young 
men who begin a G-E career. 

New developments—in silicones, electronics, semi-con- 
ductors, gas turbines, atomic power, and others—spring- 
ing from G-E research and engineering, are creating 


Test engineers E. K. VON FANGE, U. OF 
NEB., (left) and R. E. LOVE, U. OF TEXAS, 
work on stacker and stapler built by them for 
homework project. 


Physicist ROGER DEWES, BROOKLYN POLY., 
working with scintillation counter in G.E.’s 
Engineering Laboratory. 


exciting new opportunities, and are giving college gradu- 
ates the chance of finding satisfying, rewarding work. 
And by placing prime importance on the development of 
talent and skill, developed through G-E training pro- 
grams and broadened through rotational job programs, 
and by providing incentives for creative minds, General 
Electric is hurrying young men into success in an in- 
dustry that is devoted to serving all men through the 
ever-increasing and ever-widening uses for electricity, 
man’s greatest servant. 


If you are interested in building a career with General Elec- 
tric see your college placement director for the date of the 
next visit of the General Electric representative on your cam- 
pus. Meanwhile, for further information on opportunities with 
General Electric write to College Editor, Dept. 2-123, Gen- 
eral Electric Company, Schenectady 5, New York. 


ANTHONY TERZANO, PRATT INSTITUTE, 
checks connections on direct-current rectifier 
which charges 7,500,000-volt impulse genera- 
tor in G.E."s new High-voltage Laboratory. 


GENERAL @@ ELECTRIC 





